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Ltd., 
Rocuzsrsr, Kent, 
and 72, Caxnon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. pcos 
CEMENT-MAKING MACHINERY. 


A. G. MM untord Ls 


OULVER STREET WORKS, COLCHESTER, 
Os Apminavty awp War Orrics Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 24. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
And Auxiliary Machin lied to. the 
€ Admiralty. Od 2179 
(\ranes—Electric, Steam, 


HYDRAULIO and HAND. 


of all types and sizes. 

GEORGE RUSSELL & CO., 
Li Motherwell, near Glasgow. 

STEEL TANKS, PIPES, GASHOLDERS, &c. 


FYthos. Piggott & Co., Limited, 
BIRMINGHAM. 
See Advertisement last week, page 83. 


pienty. snd Gon, 


MARINE ENGINEERS, &c. 
Newsvry, Ene ann. : 9983 


Machine Tools in Stock :— 


Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. diameter. Bolt Screwing MACHINES. 
10}in. centre «Special Shafting LATHE. Second- 
hand PLANER, 25 ft. by 6 ft. by 6 ft. 

JAMES SPENCER & OO., Lrp., 4360 
_ Chamber Iron Works, Hollinwood, Manchester. 


ank locomotives. 
Speriteation ane Cetensestie yes! to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lap., 
Enomsaurs, NSWCASTLE-ON-TYNE. © 4988 


Wiectric Motors for Sale, 


various sizes and voltages, new, second- hand, 
MALCOLM & ALLAN, Lap., 499, Eglinton St., +Glaagow. 
"Phone, 508 Gorbals. Tele., Rheostat, Glasgow. 796 








Ltp., 

















\f Fe Sale, Large Compressor 


PUMP, 11 HP. Motor, also Dynamo, hoth direct 


i current.—Further particulars from 8. P. MUMFORD 


ak O., Greenwich Flour Mills, London, 8.E. D964 


‘or Sale, One Set Air 


CIRCULATING PUMPS (Mather & Platt), Com- 

und Engine, self-contained, Chambers renewable 
ners ; — of dealing with 200 I.HP. Also one 
SURFACE CONDENSER, circular body (Mather and 
Platt) suitable for use with above pumps, First-class 
order.—Full particulars on application BRITISH 
eee iOan TOBACOO OO., 








J] ccomotives in Stock.— 


KERR, STUART & CO., Lrp., have in stock 
an advaneed state of progress at their 
nia Works, Stoke-on-Trent, a large number of 
MOTIVES, with cylindérs Seven 6 in, to 16 in. 
er (inclusive), for all gau from 18 in. to 
4 it. S) in.—Apply to KERR, STUART & CO., Lrp., 
5, Broad Street Place, E.C. 4570 


K aller, Horsey, Sons & Cassell, 


SPECIALISTS 
in the 
SALE cae? teemigrsced 
PLANT AND MACHINERY 


ENGINEERING WORKS. 
1, BILLITER SQUARE, LONDON, EC. 


[nvincible (Gjauge Glasses. 


BUTTERWORTH BROS., Litd., 
Newton Heath ve hey 


or ji 
Calif 
Loc 
diay 





Od 1834 








., Ashton Gate, | Lrp., 
D959 


rrow & Os. Ltd., 


STEAMERS 
Exceptional Shallow Draught. 


ELS PROPELLED BY 
Turbines or 


Internal Combustion Engines. 


(Sampbells & Herter, L@. 


Gear Cutting. 


Worm Wheels cut up to 18 ft. diam. 
, Bevel and Mitre Wheels planed up to 3ft. diam, 


DOLPHIN FOUNDRY, LEEDS. 4547 


“Yachts, Launches, or Barges, 


Built ee — Steam, Oil or Petrol 
Motors ; or Machine: 


Od 8759 





ry su Od 3551 
cease STREET, PorTsMOUTH. 


VOSPER & 00., Lav, 
MULTITUBULAR AND 
ochran OROSS-TUBE TYPES. 


Bouers. 
See page 80, last week. 





5020 





IL FUEL APPLIANCES. 
Systems 

Pressure, Air, STEAM. 

For Boilers of all types. 

KERMODES LIMITED, 

385, The Temple, Dale Street, 


Liverpool ; and 
108, Fenchurch Bt., London. 


Naval: Outfits a Speciality. 


4078 


ocomotive Tank Engines 


and constructed 
epepenians WA AND COMPANY, Tamrrep, 
e Works, Leeds. Od 2487 
See their Thustented Advertisement page 8°, last week. 


R. a 3 Pickering & & Co., Ltd.|™ 


(EsTaBLIsHED Pop? 
BUILDERS of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 


Chief Works and Offices : 
WISHAW, near GLASGOW. 





Office: 
8, Vicroria Sraust, Wastmuverar, 8, W. 


Mises and Engineering 


oar Fe of all tot ag und en for Manu- 
ce Sm TRUSSELL, 

Wharf, Hammersmith. 
ACT.—Rossar & Russaut, Ltd, 
to undertake the manufacture of articles 
at present made abroad, and will be pleased to hear 
firms desiring such work executed. 9211 


Fa Sale, - Kw. 








One 275 Kw. 
. GENERATING SET. 

Wound Dynamo, 500 volts. Could be 

ame tered 1250 vote Immediate delivery’; cheap. 


One 65 Kw. Gas-driven GENERATING SET, direct 


prea ty Engine, Westinghouse Generator, 
500 volt d.c. ine would be sold separately. 
One 87 HP. MOTOR, 500 volts, dc. compound, 210 


revs. JENNINGS, 
West Walls, Newcastle-on-Tyne. 
# aes 


lasgow Railway 
Tagine Company, 
London Office—12, Victoria Btrest, aw. 
RAILWAY CARRIAGE, WAGON AXD TRAMWAY 
WHEELS & 


CARRIAGE & WAGON IRONWORK, also 
OAST-STEEL AXLE BOXES, 


4576 








Od 9753 
P. & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 


Ohiet Offices: 199, Trongate; Guassow. _ 0d 8547 | 


__“eristered Often : 1084, Cannon Bt., London, K.0. 


SUEEtneeeeeteeamemnnmeeeee 





THE WELL-KNOWN 


Frize Re eg Gand, | methods” 


-j ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 
GENERAL ConsTrucTIONAL EnGInenRs. 1216 


Boilers,Tanks & Mooring Buoys 


Suis, Perro. Tanks, Am Receivers, Srsxt 
Curmwsys, Riverrep Srzam and VENTILATING PiPEs, 
Hoppers, Spectra, Worx, Repamrs or ALL Kuve. 


Tubes, Iron and Steel. 
Edwin Lewis & Sons, “” 
148 enn Of? o, Wolverhampton. 


T'ubes and Fittings, 


Gtewarts and Ljovas, LL. 








Glasgow and Birmingham. 
See Advertisement page 49. 
[™p: roved High Pressure 
Bbitbe a DISCO GLOBE VALVE. 
See our Advertisen. ent in last week’s 


iasue, page 20. 
BRITISH STEAM SPECIALTIES, Lrp., 
nhhiis Bedford Street, Leicester. 3920 


” : 
gi) ~ «Thompson Bowers 
IN STOCK, 

One 380 ft. by 9 ft. 8 in. by 160 w.p. 

Two 30 ft. by 8 ft. 6in. by 160 w.p. 

Two 30 ft. by 8 ft. 3 in, by 160 w.p. 

Four 30 ft. by 8 ft. 3 in. by 100 w.p. 

Two 30 ft. by 7 ft. Cin- by 100 w.p. 
Seventy other sizes and pressures. 


John , Thompson, 
WOLVERHAMPTON. 4850 


Gm", Ragines, Suction Plants, 
Tests and Reports. 
vice.—E. Ey. DAVIS, ML Mech. E., Great 
Road, logy en Tel ephones : 
: Rapidising, London. 


caveat —Maxted & Knott, 


Lap., Consulting Engineers to the British Portlana 
Gens Manufecturers, , ADVISE GENERALLY 


os ent Schemes FOR ABROAD. 
AD ONLY. P ighest, references. Established 1890. 
Add Bornert Avenun, Hut. 
Cablegrams: “ >” Hull, 5234 
- Tue Giaseow Rouiine Stock anv Puanr Worxs. 


Het. Nelson & Co., Ltd., 


pore Do 3. a CARRIAGES, WAGONS, 

and EVERY OTHER DBSCRIPTION OF 

RAILWAY po OS TRAMWAY ROLLING STOOK. 
Makers of Wueeis and Axius, Ratway Puagt, 


4990 

















Loridon Office : 
See IWustrated Advt. in alternate issues. 


Od 3382 
Dredging Plant 


OF ALL DESCRIPTIONS, 
FLOATING ORANES. FE BUNKERING 


Werf Conrad, Ane 
seen di, Nuw Buon 8r., LONDON, BO. 
See half-page Advertisement, last and neat week. 


Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK. 
Estasuisuep 1810, 








OAPITAL (Fully Paid) + +  « $6,000,000 

SURPLUS & UNDIVIDED PROFITS $9,000,000 
This Bank receives Accounts fe, Bankers, 
terms, and te to its depenitor — ree 
consistenh wih probent and’ conservative. banking 


00) 
FOREIGN DEP. 











East "1850 ; Stratford |. 
1704 


Row’s 
Parents, 











oyles Limited, 
TERS, 
Oo gay Beal 5, APORATORS, 
Merrill's Patent TWIN STRAINERS for Pump Suctions 
ETAL STEAM FITTINGS, 
_WATER SOFTENING and FILTERING. 4024 
Messrs. YARROW & OO.,, 
Boilers, such 
Pockets, and Sw 
» on OARRIAGES, ELECTRIO iO CARS, ec. 
MoruzRwe.t. ded 8383 
for. Sheet Metal 
See Advertisement, April 7, page 47. 
See Full Page Advt. page 48, April 7. 


PRICcB...6d. 
ENGINEERS, IRLAM, MANCHESTER. 
Meg gy Al 
ee STEAM TRAPS. REDUCING VALVES 
Y arrow Patent 
PRESSING and npn el Pe yy 
Firms not hav ing ti the necessary facilities, 
urst, Nelson & Co. L 4 
Maylor & (jhallen, “Ltd, 
PRODUOTS. 
Matthew pau & Co L 
Det Metal pa 





. By Inuaxp Post. . 84, 
FEED WATER HEA’ 
EAM anv GAS 'K ,, 
-class GUNM 
‘Water -Tube Bs 
of Yarrow 
wh. worded for ose ee 
YARROW & OO., Lap,, ScorsToun, _ GLASGOW, 
Tus Giascow Routine Stock snp PLaNt bey 
BIRMINGHAM. 8105 
Presses 
LevenrorD Works, Dumbarton. 4638 
ENGINEERING ALLOYS, 


Forgings, Oaatt care, Sheeta, Wire, Tuber, 
ELTA Niet L 00., Lap., 4906 
Offices and Works : East Gnaaxwicn, LONDON, 5.E. 


ne. Powerful Economic 
MULTI-TUBULAR BOILER (Second-hand 
Oft. 9 in. dia. by, 14 ft. 6 in. long, suitable for 160 
w.p. DESPATCH IMMEDIA a 6200. 
JOHN THOMPSON, Boiler Works, Wolverhampton, 





dvertisers have a L 
antity of Orude CAUSTIC SODA 
DISPOSAL, would like to 
users. —Address D 820, GINK BRING, 


Fo Sale, Two Gallowa 's 


by pt ual ae enpoe inet per 
bys t., built om nsu: 
ditto, 28 tt. by Sft., ilt 1896, Tho Vinspred 


a Rpt aaa 


Purch and ‘Shear Machine 


Oonsult The Boot a the Cheapest. 

us “ ” 
ion Guaranteed. Established 

BROS., West Mouwr, HALIFAX. 


R 
into touch with’ 











CHANTIERS & ATELIERS 


Augustin - Normand 


67, rue de Perrey—LE HAVRE 
(France). 


Destroyers, Torpedo Boats, “Yachts and Fast Beate. 
Submarine and Submersible Boats. 
NORMAND’S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 


Rubber 





MANUFACTURERS, 


Hose tod Fire 


GUTTA PERCHA & RUBBER, LIMITED 


Toronto Canada. 5211 





(Nentrifugals. 


pot (jassels & Williamson, 
. MOTHERWELL, SOOTLAND. wy 


—_—— 





See half-page Advertisement page 58, March 24. 











ENGINEERING. 


: [Aprit 14, 1916. 








[the Manchester Steam Users’ 


ASSOCIATION. 
Por the Prevention of Steam Boiler Explosions and for 
the Attainment of Economy in theApplication of Steam. 
9, Mounr Srrest, MANCHESTER. 
_Ohiet Engineer : 0. E. E. SEROMEYER, “LOE 
— 1864 by Sir W. Fampamn. 
vs ro bay under the res 
orkshops a Ene 
Miabilities in case of 


agen ae 
Boilers inspected during construction. 
PATENTS AND Dassom Act, 1907. 


Notice i is Hereby Given that 


GEORGE WILSON HEATH and GEORGE 
ANDREW HEATH, both of Observatory 
peg om in the County of Kent, Scientific Instru- 

t Makers, seek leave to amend the fication 
tL ‘Latters Patent No. 22518, of 1913, granted to them 
for “ Improvements in Thermometers.” 

Particulars of the proposed Amendment were set 
forth in the Illustrated Oficial Journal (Patents), 
issued on the 5th April, 1916. 

Any person, or persons, may give notice of 
sition to the Amendment by leaving Patents 
No. 18, at the Patent Office, 25, Southampton 
Buildings, London, W.C., within one calendar month 
trom the date of the eaid Journal. D 999 








niversity of Liverpool. 
SESSION 1915-1916. 
FACULTY OF ENGINEERING. 
Dean—J. Wemyss Anperson, M.Eng., M.Inst.C.E. 


Prospectuses and full ticulars of the following 
may be obtained on application to the REGISTRAR. 
Engineering, Electrical Engineering ,Civil Engineering, 
Naval Arch tecture, Marine Engineering, neering | man. 
| and Drawing, Refrigeration, Mathematics, 

Inorganic Chemistry. D 596 


W omen’s Em ployment. — 
Special Course for Women in ENGINEERING 

TRACING, Tuesday and Thursday evenings, com- 

mencing on Tuesday, 2nd May, at 7.30. Fee for the 


course )0s. Particulars of the SECRETARY, 
Barrerska Povyrecunio, 8.W. __—iEaél 


pst. C.E., Inst. Mech. E, 


and all Engineering Exams. 
seaching by peeve engineers. 1.0.E. successes ot) 
out of go Ra oo Prizes, ‘‘ Proxime Accessit.” 
Special f c"{ candidates. Write for 
booklet, in dato, Offices of Exornnerine. 


2 National Need. 


BRITISH SCHOOL OF AERONAUTIOS. 
eroplanes and Airships. Oonstruction, ey and 
ion for A.M.LE.E., 


htemanshi Also 
.M.E. and A.M.1.0, plete Postal Courses. 
” Fees Reasonable. Instalments earn. 


, Maiden Lane, W.C. 4337 











TENDERS. 
THE MILLOM & ASKAM HEMATITE IRON OO., Lrp 


lo be Sold, by Tender, the 
whole of the PLANT and MACHINERY, con- 
sisting of Portable, Winding, and Pumping Engines, 
Boilers, &c., now lying at the Crossgates Mines, 
Daiton-in-Furness. 

Schedules and Conditions of Selling may be 
obtained on application at the Offices of the Company, 
Millom, Cumberland, and the Plant = 
appointment. 


APPOINTMENTS OPEN. 














orks Manager Required, to 
take responsible charge of boiler works, 
engine shops, smithies and foundries of Midland 
Firm normally manufacturing ble steam engines, 
steam wagons and traction nes, but now employed 
on Government work of various kinds. 1300 men are 
a in the departments mentioned. 
PPLICATION for Candidates who have had direct 
ence on the class of work named, or who have 
he’ ve position ina first-class locomotive works 
will receive special consideration. 
All communications will be treated: confidentially, 
and replies should give full lars of age, actual 
ence, and present employment. 
ress, E 40, Offices of Enotnetaine. 


chnical Assistant, First- 
class, REQUIRED, for Government work. Must 
have taken degree equivalent to B.Sc, London, and 
had several years’ workshop and drawing-office 
welsing,, preferably in mechanical and ed en 
engineering. No man on Government work n 
npply.— Write or » y to nearest BOAR DOF TRADE 
BOUR EXCHANGE, mentioning this Paper —_ 
No, A 1675, 


PARISH or ST. LEONARD, SHOREDITCH. 
CHIEF “ENGINEER. 
The Guardians of the Poor of the above-named 
Parish 


Reauire a Man experienced |i 
in steam and hot-water fittings, electricity 
and telephone installations, laundry and cooking 
ances, general repairs at their Workhouse 
Infirmary, Hoxton, N. 
Wages £448. per week, subject to deductions under 
the Poor Law Officers Superannuation Act, 1896. 
a Ge ne ee duties can be obtained from 
the Master of the Workhouse as above, between 
7S. and One p. ed us he 
person appoin w uired to reside 
near the Lebaine geal we and within dy nee _ 


ment wi il be be -eabjet vo to an act Pod 8 the 
s.abrliations upon torn to ssa ae pr Fd: § 
oe enverne. Mf by Pr aaa 


gone dg ot the thes G 
indirectly, will disquali 


ROBERT way, 
Clerk to the Guardians. 


Road, N. 
pril, 1916, 











either directly or 


Olerk's 
218, Ki 
lith Ess 


Works, | © 


i ment work will 


AS rene to Chief Blast 
Furnace Manager Waren —tnels, sales 

Door, ¢ of Ewanmmmame. No person on Govern- 
ment work will be engaged. ; F 
En- 


anted, Mechanical 


GINEER, oats = bg agp Be patent 
specifications and d be residen 
London.—-Address, E 44, ¢ 


“| Required, for British 


Dominion, SIX AGENTS. Must be experienced 
contractors’ men, accustomed to heavy hose | 
and timber. _Batween 40 and 50 years. Salary £ 


£300 per 

Also FIVE E First-class CIVIL ENGINEERS, accus- 
prong Ve ey work, to take charge of sections ; 
age 35 to 45 ; salary £600 to £700; and TWELVE 
mocap ENGINEERS unt fo for military sureion), 

th tunne! ; age 30 

to £500.—Address, giving salary required, full details 
jf Bey and photograph, E 16, Offices of 
ENGINEERING. 


| {pV anted, by Midland En- 


neering Firm, working under Government 
control, SSISTANCE in Technical and Commercial 
Co lence De t. No one already 
engaged on Government work need apply.—Oommu- 
nicate with nearest BOARD OF TRADE LABOUR 
EXOHANGE, mentioning this Journal. and E 28. 


(lerk (Correspondence), 


Government work, used to mechanica’ 


ing terms oc 
tan, oma salary and "good —— for right 
man on Govornment work need 2 
Write Me your nearest BOARD OF ADE 
LABOUR E CHANGE, mentioning this paper and 
No. A 1674. D 956 


ne or Two First - class 


DRAUGHTSMEN ype see gees pppoe with 
experience . hydéaulic pliant works 
machinery. pagent already employed on Govern- 
State experience, age, 
salary required, and when es liberty. — 
nearest BOARD OF TRADE LABOUR 
mentioning this Journal, and D 512. 


[‘aughtsman, for Jigs and 


smaii Machine Tools, WANTED, for munition 
work. No weet residing more than 10 miles eat. 
or already = on Government work, need a) 
—Write, stating experience, salary required, and te 
available, D 979, Ottices of ENGinzERING. 


Drzgh htsmen, for Urgent 


sa Work. Good technical training, and 
——— experience in works and drawing-office 
High class men required. Good salary 
sed prospects, Overtime paid for. No man on 
Government. work need apply.—Write, or apply 
nearest BOARD OF TRADE LABOUR EXCHANGE, 
mentioning this paper and No. A 1704. El 


PD ughtsmen Required, for 


&" office; those used to crane, furnace, 
and a... steelworks plant. No person already 
employed on Government work will be engaged.— 
Apply, wee age, experience, and salary desired, to 
the nearest LABOUR EXCHANGE, mentioning this 


t in 
ry actaennche. 








for 
engineer- 
fications ; training as engineer an 





ly to the 
HANGE, 








Journal and E 36. 


Wanted, Jig and Tool 


DRAUGHTSMEN, for magneto work, in large 
Controlled Establishment, London district. Previous 
experience desirable, but not essential. Those 
— en on Government work need not 

ly.—Apply your nearest LABOUR ao 
pa this paper and No. B 5. 


Crpadle Draughtsman Re. 


RED, experienced in steam turbine work.— 
No person already Trios on ao work 
will be engaged.—Full particulars, rience, 
and salary required to nearest LABOUR I EXO ANGE, 
mentioning this Journal and D 766. 


Experienced Electrical 
DRAUGHTSMAN WANTED. Those used to 
H.-T. detail work preferred. No person already 











Wanted for a 


Epgineman 
wire Blectric Power Station ata Munitions 
Factory in Suffolk. Must have had ex in the 











running of higo-speed engines, condensieg plant and 
dynamos. Stein work coutinu ht- 
ae shifts. Good pm weekly W ey Haag 
ANT ENG REMER WARTED, 
Wages, weekiy nus. No 
person at ployed on Government work will 
eo sagen to nearest ne ae ye inis Paper and 
stating age, experience, the name of 
No. A 1685. 
bein Factor Requires 
several JIG and aeuee. M 
ENT MAKERS and ena Oridine a _ L.. 
Operate and pte ean Drange s oe 
engaged on “Goverament Nee will be 00 be considered.— 
appl ne My: LABOUR 
HaNGE, mentioning thie Je Journal apes C 87u, 
Wanted, Toolmakers used to 
jig work, TOOL TURNERS, and JIG MAKERS, 
for Government work, in Controlled Establishment, 
London district. Good permanent position 
to suitable men. Those — engaged on Govern- 
ment work need not apply.— ly your nearest 
sore EXCHANGE, tiene ng this paper = 
0. B 
Wanted, by Lancashire Firm, 
Several First-class TURNERS, to start up new 
plant for 4.5 + gee Good wages and bonus to suit- 
able men. oP ag py ycsenih employed on Govern- 
ment Pg will be Apply to nearest 
and EL EXCHANGE, reotionine this J 
an . 


Journal 


anted, for Government 
work, Controlled Establishment, London 
district. INSTRUMENT MAKERS, OLOCK MAKERS, 
DIE SINKERS, MAGNETO REPAIRERS, and any 
men used to accurate work. Those already engaged 
on Government work need not apply.—Apply your 
nearest LABOUR EXCHANGE, mentioning this 
paper and No. B 1 LE 


= J 
anted, for Engineers 
drawing- office in Westminster, smart LAD, 
with knowledge of machine drawing and tracing. 
No person on Government work will be en 
Apply, your nearest LABOUR EXCHANGE, 
tioning this Journal and E 24. 


K2 gineering Pupil. —vVacancy 

with Firm (Government Contractors) manu- 

facturing latest types of machinery, oil and gas 

comipes, &c.; moderate premium. — Address, 6521, 
of ENGINEERING. 





men- 








upil. — The Borough and 


Waterworks (A.MLLOC.E.), of 
Leamington, has a VACANCY in his office for a 
PUPIL.—Address, TOWN HALL, © 342 
ING for a 


A Large Firm of En 
ie the Midlands, have an OP 
good education as Cpe pupil, the 
cone ab be felots both works and drawing office,— 
Address, 4359, Offices of ENGINEERING. 








ineers, 








SITUATIONS WANTED. 
Epgineer and Representative, 


experienced in the and manafacture of 
water-tube boilers, modern boiler-house plant, steam 
turbines, engines, pumps, hydraulic plant; accus- 
tomed to tenders and specifications, and’ corres- 
pondenee, interviewing and superintendence. 31. 
[neligible for H.M. Forces, and can commence duties 
at an early date.—D 947, Offices of Enarvxznixe. 


Se. (Engin.) Lond., will 


° =, 5 oe DISENGAGED for ex; sia 
mental or mathematical work ; “ce 29; ineligible. 
Address, 13, Road, Chisw E 50 


Kpgineer, M.I. Mech. E.,Open 


to UNDERTAKE designing, i tions and 

tests; wide knowledge mechanical, electrical and 

pneumatic engineering ; also French, Russian and 
ish languages.—E 52, Offices of ENGINERRING. 











employ ve = apne te a be 
Apply, giv particulars an salary r 

ea al Labou UR EXCHANGE, mention 
Soevanend E 83. 


oremen and Assistant 

FOREMEN, several first-class, for machine shop 

is oo ee eerie nee core ue eae 

ve w experie 

ee and centr fre lathes. Good wag and 
None 

ving fullest 

CHANGE, 

E38 


uired, to 
ming this 


— ent positions to ¢ men. 
overnment work need wppiy. We So 
955 | details, to your nearest BOU: 
quoting reference A 1602. 


Froreman Miller, Ex erienced 


Man accustomed to modern me’ who must 
ition ; eS et aes roe gta 


refere 
_ lands; lao FOREMAN for for_maching 
departmen ‘pbent machines), small capstan 
bar lathes ; must be accustomed to accurate work, 
and held similar position for some years, and able to 
peng = annem ag Good pay. No one already 
k need apply.—Write, nearest 
LABOUR “EXOHANGE, mentioning this paper, and 
reference A 1589. 


‘eon 








Jsugromeaae 


ae A 
susittadiog thie . 


a - 
Co and No. B3. E9 
sval W anted, Assistant Machine | manager 
aan about. 120 machines, 

t high 











Monee and Electrical 

a (31), a, eee for the army, ha 
reial experience, SK 

em nsible Die POSITION, pet , preferably Lancashire district. 

At liberty any time. remuneration not essential 

if with good prospects. —E 43, Offices of ENGINEERING. 


ivil and Mechanical En- 
gineer, diploma of the City and oe (Engineer- 
ing) College, London (22), , SEEKS POSITION 
in ee. or big pownrig er ae —JOSE 
TI, Florida 8, Madrid, 8 E 51 


Hingineer, Civil and Mech- 

perience factory construction, now 
free, DESIRES vomponsinde EMPLOYMENT, Govern- 
ment work. First-class testimonials. Address, E 49, 
Offices of ENGLYEERING. 


Si Engineer, Exceptional 


ition, resident Westminster, London, OPEN 
GAGEMENT by country or Bae firme. 
Itemuneration by resulte.—Address, D 484, Offices of 


A "| teat 37 ),Public School 
einoiien, 2 
12 aod cepeetonss greet milling 
saeeheee Sore eee 
Seetasing ‘wat —Address, E 14, Offices of 














Senet. 


A dvertiser (46), Disengaged, 


DESIRES chon is may as Buyer and 


Experienced 
heopine. , works tine and tal nage- 
ment. "Address, E53, Offices of a 


LB ey cope wide experi- 


Beet ers “sitter, lohaltiens maacenee In, 


savin &. SHORTLY 
i Oecnaet Eecee Over military 





mania ab 
age.—Address, 


British 
8 | Patents, and Trade Marks and 





Lee. y Tracer, with experienc: 
oa” chanical 

either gal engineer’ tra adres. 7 
Omen ‘of ENGINEERING. ‘ 


remau Millwi ight, Bepe- 
shell and general noe pr ey work, 


rienced in 
DESIRES ENGAGEMENT; London area 
Address, E 15, Offices of Encurxerixe. 








see 
agi} 





PARTNERSHIPS. 


Every y_ Engineer 





Partner 


_ Partnership 

should write a to 
WHEATLEY KIRK, CE & ©OO., 
46, Pteener Street, LONDON, rb 


Albert Square, 
26, Collmgwond Street, Newoastle-on-T Tyne. 


artner-Director Required, 


‘with £3000, to further extend a progressive 
business, London, manufacturing commercial motor 
— —_ show good net ts. iIncomer 

expect at least £700 p. from 
SENOLD & CO., 76, Cannon 8t., London, E.C. £5 31 


vl 


4994 











PATENT AGENTS. 


[the Consulting Patent 
5-7 tt 253, Gray’s Inn Road, London. Rega. 
pra es U.S. Canadian ta. yg 
_ fidtborn 6109. All matters 
lucie aaneen ‘eal 


oJ onsen and Son, 454 


OHARTERED PAT PATENT AGENTS, 
(Established 1867). Colonial, and int Fersigs 


77, Ohancery Lane, London, W.C. tg ag oe Holborn 1248, 


* Bedabe EK, Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne’s Chambers, 4995 
Tothill Street, Westminster, 8. W. 

















WANTED, &c. 
[ibe Proprietors of the Patent 


No, 9269, of 1913, for “ Improvements in or 
— to Temperature Regulators,” are DESIROUS 

ERING into ARRANGEMENTS, by way of 
License and otherwise, on reasonable te: ms, for the 
purpose of exploiting the same and ensuring its full 
development and practical working in this Country. 
—All communications should be addressed, in the 
first instance, to HASELTINE, LAKE & CO., 
Chartered Patent Agents, 28, Southamptoa Buildings, 
Chancery Lane, London. W. 0. Ew 


[ihe Proprietorsof the Patents 


Nos. 6497, of 1913, and 360, of 1915, for ‘‘Im- 

aa hacenr ee iu and relating to Fuel Atomising 
evices for Diese] and like Engines,” and ‘‘ Improve- 
ments iv or relating to Liquid Fuel Atomising 
LR aratus for Internal Cimbustion Engines,” are 
IROUS of ENTERING into ARRANGEMENTS, by 
way of License and otherwise, on reagonable terms, for 
urpose of exploiting the same and ensuring its 

fall evelopmentand practical! working in thisCountry. 
—All communications should be addressed, ia the firet 
instance, to HASELTINE, LAKE & Ov., Chartered 
Patent Agents, 28, Southampton Buildings, Chancery 
Lane, London, W.C. £19 


British Agencies in Russia.— 
To First-class Engineering Firms and Motor 
Works, Tool, Hardware and Kubber Concerns, . &c. 
— Belgian, "established many years Petrograd, 
member of Russo-British Chamber of tommerce, 
will shortly visit England for personal interview with 
FIRMS wishing to KEPRESENTED in Russia — 
be ol to M. RECHT, care of 22, Rothsay — 

i 


I er Firm, with good 

connection with s a ow and ship owners 
is DESIROUS of REPRESENTING reliable MANU 
FACTURERS of all descriptions of steel, tools 
machinery, slag wool, and nuts, bolts and rivets, &.— 
Address, E 2, Offices of Enoineertne. 


| Dg owen Firm, with Offices 

in Pea me and havin: Pld connection 

Public Works and Collieries, is 

OPEN ce to REPRESENT a MANUFACTURER of apy 

ood engineering or allied speciality.—Address, E 7, 
of ENGinnerine. 


| D pee London Firm, 


ing recently reling y for pump 
———- plants, DESIRES to nS to NEGOTIATE with 

UFACTURER of similar or other machinery 
with a view to taking Sole cy for London and 
export —Address, E 23, Offices of ENGINEERING. 


Wanted, a Reliable Firm able 


and WILLING to UNDERTAKE the MANU- 
FACTURE of Carburetters, which are used for 
Government pu Good and accurate work 
required. Costings can bs supplied.—Address, +" 
ALLAN HERBERT, ‘Andover, its. E- 


ontrolled Establishment. 


London District, would be GLAD to HEAR 
from FIRMS who are in a position to make |!mit 
gauges, drilling jigs, small and fixtures for 
magneto wort E, wings which would be supplic¢. 
owen Be and quick ery will be of the iret 


portance, — Adi D 914, Offices of Enoinzrr'*: 


(tontrolled Establishment, 
pe orf HEAIE fom Fino who are nw ps" on 
castings, and 


to make aluminiom die = ee 
e would — - wick 


Sabon rt importance Addr 


be 
Doc, Oiices of Exenomatre, 












































APRIL 14, 1916. ] 


ENGINEERING. 


341 








THE RUNNING OF BOILER PLANTS 
AND NATIONAL ECONOMY. 


By D. Brownum, B.Sc. Hons. (Lond.), F.C.S., 
and H. GREEN. 


For some time past everyone has been talking 
of national economy and the need for the applica- 
tion of scientific methods in industry. Most engi- 
neers and technical chemists are doubtless aware 
that one of the most shocking examples of lack of 
national economy is the boiler-house, in the burn- 
ing of coal for the production of steam. But 
although this fact may be said to be generally well 
known, very little data has been given as to the 
exact amount of the loss from a national point of 
view. We have been engaged for a considerable 
number of years in investigating on scientific lines 
the working of steam boiler plants, with a view to 
reorganisation and the production of steam on the 
most economical and up-to-date lines. In this 
article we propose to give the exact details of the 
working of a hundred typical steam boiler plants, 
as at present worked in the industries of this 
country, with a view to arriving at some idea of 
the national loss due to out-of-date methods of 
steam generation. 

The typical industrial boiler plant may be said 
to consist of Lancashire boilers, together with 
various accessories in the way of economisers, 
superheaters, mechanical stokers, smoke - pre- 
venters, various aids to chimney draught, and so 
on. a we have taken a hundred examples 
of such Lancashire boiler plants, and we have not 
included special boiler plants, such as power- 
stations, public institutions, &. The hundred 
boiler plants are situated in England only, and we 
maintain that they are roughly typical of the whole 
of the industrial boiler plants of the country. The 
following industries are represented : cotton-mills, 
fourteen ; engineering works, two; hat works, 
three ; food product works, two; potteries, four ; 
bleach works, seven ; calico-print works, six; dyeing 
works, six; woollen - mills, sixteen; breweries, 
three ; special textile works, three ; paper - mills, 
sixteen ; dyeing and cleaning works, four ; flour- 
mills, three ; collieries, seven ; and chemical manu- 
factories, four. 

The plants are situated in almost every county 
in England, and they vary in size from one boiler, 
24 ft. by 6 ft., to twelve boilers, 30 ft. by 9 ft., 
with coal bills varying from 8001. to 35,0001. per 
annum, whilst the working pressure varies between 
the limits of 12 lb. and 200 lb. per sq. in. Asa 
further support for our claim that the hundred 
boiler plants are typical, we may say that we have 
inspected, without testing, hundreds of boiler 
plants, and we find that these are all being worked 
on more or less the same general lines. We, of 
course, do not pretend that the results of the 
working of a hundred boiler plants only enables us 
to judge with exact scientihe accuracy as to the 
condition of all the boiler plants in England ; but 
if, as we contend, the hun plants are typical, 
then nevertheless we think very valuable informa- 
tion can be deduced as to the lack of national 
economy and the money that can be saved in the 
boiler-house. 

Annexed we give the average working figures for 
the hundred boiler plants, obtained by adding 
together the essential figures of each separate plant, 
and takingan average. These figures cover a period 
of about three years, approximating 1913, 1914, 
and 1915. At the same time we give for com- 
parison the actual working figures of a well- 
managed and up-to-date plant, as a specimen of 
what can be obtained by adopting scientific 
methods.* 

Before discussing these results we will first give 
a short description of the methods used in carry- 
ing out the investigation of the working of the 
plant in each case. A detailed test of the plant 
was made for one working day, and a further test 
of one week was also carried out as a check on the 
figures for the coal used and the water evaporated, 
and to ascertain the weekly running conditions, 
including all week-end losses due to stoppage of 
plant, &c. The object of the test was to And out 
the exact normal every-day working conditions of 
the plant, particularly as regards efficiency and the 


* In comparing the data given in the table it hould 
be specially noted thatthe ona used in the plant saieeed 
te = a was Cf substantially higher cost per 

m (although of inferior than 
with in the preceding ian, —_ — 





cost in coal for the production of a unit of steam 
(evaporation of 1000 gallons of water), so that a 
scheme of reorganisation could be devised for the 
more economical production of steam. In every 
case the boiler-house staff worked the plant as 
usual, and at the end of the tests the water-level 
in the boilers and the general condition of the fires 
was the same as at the commencement. 
A.—Working-Day Test. 


Average of 100 Typical Boiler 


Plant Run on 
Boiler Plante. Scientific Lines. 





peof boiler .. 
umber of boilers 
Grate area .. oe 


Duration of test .. 
Price of coal used 


ra 
3.2 (ave 
115.2 “EY 
(total) 
ee 10.66 hrs. 
. 128, 2d. per ton 
in fire-hole 


Lancashire 


4 

180 aq. ft. 

(total) 
6.75 hrs. 

15s. per ton in 

fire-hole 
28,200 Ib. 

11,980 
12.5 p.c. 
1044.4 Ib. 
32.1 Ib. 


224,050 Ib. at 
95 deg. F. 


22,405 gals. 
(1 gal. = 10 Ib.) 


(22,528 gals. on 
water-meter at 


95 deg. F.) 
$298 1b, 
255.3 ,, 

7.94 Ib. exact 
7.98 


Amount of coal used... ai 
Analysis of coal used B.T.U. 
sh 


Ash .. 
Coal burnt per boiler per hour 
Coal burnt per square foot of 
grate area per hour 
Water evaporated 192,630 Ib. at 
117 deg. F. 


19,263 gals. 
(1 gal. = 10 Ib.) 
(19,465 gals. on 
water-meter at 
117 deg. Fahr.) 
Water evaporated per boiler 5646.9 Ib. 
per hour 
Water evaporated per square 
foot of grate area per hour | 
Water evaporated per pound 
of coal 


156.8 ,, 
7.18 Ih. exact 
7.21 Ib 7. D. 
(water at 117 dg. (water at 95 deg. 
Fahr.) Fabr.) 
Equivalent evaporation from 9 21 Ib. 
and at 212 deg. F. per pound 
of coal 
Equivalent evaporation from 
and at 212 deg. F. per 
1,000,000 B.Th.U. 
Temperature of feed - water 
before economisers 
Temperature of feed - water 
after economisers 
Nun.ber of tubes in economiser 
Percentage of coal bill saved by 
economisers 
Draught in side flue’ .. , 
Draught in main flue at exit of 
economisers or chimney base 
Temperature of flue gases 
before economisers 
Temperature of flue gaser 
after economisers 
Percentage of OO, in flue gaser 
from side flues of boilers by 
a means of combustion recorder 
team pressure :— 
Pounds per sq. in. 
Pounds absolute - ~ 
Temperature of saturation of 


8.11 Ib. 


639.5 ,, 768.7 4, 


117 deg. F. 95 deg. F. 
Ce 


164 
10.1 p.c. 


305 4, 


576 
18.5 p.c. 


0.41 in. W.G. 
0.86in. ,, 


722 deg. F. 


0.70 in. W.G. 
1.75 in. ,, 


620 deg. F. 
444 310 Sy, 
7.5 p.c. 12 rc. 
93.5 Ib. 
108 ,, 
333.2 deg. F. 
369.6 =, 


159 Ib. 
174 ,, 
870 deg. F. 


Temperature of superheated 540 o 


steam 
Steam or power used as auxi-|1.5 p.c. of steam 3.5 p.c. of steam 


liary to the production of 
steam 


Thermal efficiency :— 
A. Net working efficiency ot 
jer complete, after de- 
ucting steam or power 
used as auxiliary to the 


raised (5 p.c. 
in 30 cases out 
of 100) 


62.03 p.c. 78.68 p.c. 


P 
B. Boilers only. . = 
©. Economisers — , 
DL. Superheaters only. . 


55.65 ,, 
6.24 ,, 
1.08 ,, 


60.99 ,, 
14.16 ,, 
6.39 ,, 


Cost in coal to evaporate 1000 91.3d. 100.9d. 
gallons of water (1 gal. = 101b.) (1 gal = 101b.) 
B. Long Check Test. 

(One week of seven days.) 

os 168 hours 
..| 128, 2d. per ton | 
in fire-hole. 


Duration .. - 
Price of coal used 


Amount of coal used... me 110.09 tons | 
Water evaporated -_ --| 176,100 
Water evaporated per pound of| 7,10 Ib.* | 


91.8d.* 


167.4 hours 
15s. per ton 
in fire-hole 
235 tons 
399,500 gals. t 
7.59 Ib. 


coal 
Cost in coal to evaporate 1000 
gallons of water 


105.8d. + 





* Actual reading on water-meter at 117 deg. F. approximately. 
+ Actual reading on water-meter at 95 deg. F. approximately. 


Of the various items which require some expla- 
nation in detail we have :— 

1. Weight of Coal Used.—This was taken in the 
usual various ways, depending on the circumstances 
of the case, from weighing the coal in barrows or 
bags, to weighing carts and railway trucks direct. 

2. Analysis of Coal.—The sampling was carried 
out with the greatest care. Samples were taken 
every half-hour by the clock, and also every hour. 
At the end of the trial the hourly and half-hourly 
samples were broken up, thoroughly mixed, 
quartered, and so on as usual, several pounds 
being finally taken in sealed tins for analysis. 
There was thus obtained two entirely indepen- 
dent samples of the same coal. These two samples 
were enalyeod separately, and the average figures 





taken. If more than one quality of coal was used, 
each separate quality had two independent samples 
taken, as already described. Further, during the 
week's trial a sample of the coal was taken each 
hour, the samples mixed, and an average sample 
for each day analysed, making, for one quality of 
coal only, two samples on the day’s test and seven 
for the week. We think by this means a ve 
good average of the coal used was obtained. 
As regards the analysis, the heating value was 
determined by means of an oxygen bomb calori- 
meter (Mahler-Donkin). The bomb type of calori- 
meter is, of course, acknowledged to be the 
standard scientific instrument for accurate heat 
determination, and the method consists in burn- 
ing the damp coal as fired in a platinum-lined gun- 
metal bomb in oxygen at about 4501b. pressure per 
sq. in. The ignition is made inside the bomb by 
means of a fine platinum wire heated by outside 
electric contact. The bomb is covered with a known 
amount of water at a known temperature, and, after 
ignition, the rise in temperature observed with a 
thermometer graduated to ;4, deg. Cent. As the 
combustion is instantaneous and totally enclosed, 
the heating value is obtained direct, without any 
corrections being required. Further, the com- 
bustion is always complete, which is not the case 
with many inferior types of calorimeter. The 
amount of ash was determined by complete com- 
bustion in the muffle furnace, so that the figure 
given for the percentage of ash represents the real 
non-combustible matter. Ashes from a boiler fire- 
hole, of course, almost always contain some com- 
bustible matter. 

3. Water Evaporated.—Various methods were 
used, depending on circumstances, to measure the 
water evaporated, but, generally, the method 
adopted was the use of a well-known make of 
pressure-type water-meter calibrated before each 
test, and working between the boiler-feed pump 
and the economisers. The old method of weighing 
the water direct in tanks, which was sometimes 
used, is, of course, very cumbersome, and almost 
impossible for regular weekly testing, such as is 
necessary on a properly-organised boiler plant. 
Some form of water-meter is therefore essential. 
Whichever type is adopted, we must strongly re- 
commend the additional installation of a calibrated 
tank of, say, 500 to 1000 gallons capacity, so that 
the accuracy of the meter in use can be checked 
every week. 

4. Analysis of Feed-Water.—Samples of the 
feed-water passing through the water-meter were 
taken every half-hour during the day’s test, and a 
good average obtained in this way. The samples 
were analysed by the Wanklyn soap-test method 
before and after boiling, ving the permanent and 
temporary hardness. e ‘soap test, although 
generally regarded as not very accurate by chemiste, 
is extremely convenient for this class of work. In 
exceptional cases a full scientific analysis of the 
feed-water was carried out, giving the amount of 
total solids, calcium and magnesium carbonates 
and bicarbonates, alkalinity, &c. 

5. Temperatwre of Feed- Water.—On the day’s test, 
the temperature of the feed-water, before and after 
the economisers, was taken every half-hour, or 
oftener if the variation was considerable. We used 
for this purpose our own calibrated thermometers, 
as economiser thermometers are rarely correct after 
months of usage. 

6. Draught Measwrement.—On the day’s test, 
this was taken every half-hour in the side flues, and 
either in the main flue after the economisers or in 
the chimney base. A }4-in. wrought-iron pipe was 
inserted into the middle of the flues, and the 
draught taken with an ordinary draught-gauge of 
the glass (J-tube type. 

7. Temperature of the Flue Gases.—For this 
determination a well-known make of pyrometer 
was used of the thermo-electric type, with platinum- 
iridium and platinum junction, in a porcelain tube 
enclosed in a steel tube, and connected through 
coils of calibrated wire to a voltmeter graduated 
direct from 212 deg. to 1500 deg. Fahr. in divisions 
of 20 deg. The instrument was arranged with a 
two-way switch, two coils of wire, and pyrometers: 
in the flue before and after the economiser, so that 
the two readings could be read ically simul- 
taneously. Before each test the instrument was 
calibrated by means of the vapour of some sub- 
stance with a high boiling-point in a special form 
of iron condenser for the p . As usual, on 
the day’s test readings were taken every half-hour. 

8. Percentage of CO, in Flue Gases.—In each case 
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some reputable make of combustion-recorder was 
fitted on the plant and the percentage of OO, re- 
corded at the rate of about twenty analyses per hour 
on a chart along with the time of the analysis. One 
week’s run was taken in this way in each case. The 
samples of gas were taken from the side flues 
of each boiler in rotation, allowing, asa rule, about 
12 hours (say 240 analyses) on each boiler, so that 
at the end of a week a very good average was 
obtained. At the t time we use a much 
improved type of combustion-recorder which will 
give, if necessary, two months’ continuous record, 
day and night, on one chart at the rate of twenty 
analyses an hour. At the same time we also deter- 
mined the composition of the flue gases by means 
of the Orsat apparatus. This was done more 
generally as a eons on the combustion-recorder, 
and usually about six to ten analyses were taken 
during the day’s test. 

9. Steam Presswre.—On the day’s test, the steam 
pressure was taken every half-hour, or oftener if 
there was a considerable fluctuation. 

10. Temperature of Superheated Steam.—On the 
day’s test, the temperature of the superheated 
steam was taken every half-hour with a calibrated 
mercury thermometer. Like the economiser ther- 
mometers in general use, the thermometers in use 
with superheaters are seldom very accurate. 

1l. Auzxiliary Steam.— With regard to the steam 
or power used as an auxiliary to the production of 
steam, in the case of an engine the indicated 
horse-power of the engine was taken, and from the 
type of engine used a very good idea was obtained 
of the steam used. high for the ordinary — 
forced-lubrication high-speed engine in use for 
driving forced or induced-draught fans an average 
figure is 35 lb. of steam per indicated horse-power 
per hour. In the case of a motor drive the power 

is, of course, very easily determined. The 
difficulty is in connection with steam used in the 
form of steam-jets, either under or over the fire- 


8. 

We have devised an apparatus for the pur 
of estimating the amount of steam issuing from 
nozzles consisting of an enclosed cylinder connected 
with a long condensing coil. In determining the 
steam the steam-pipe and nozzles, or heavy 
easting with series of small holes, or other eppe- 
ratus used, is placed bodily in the enclosed cylinder 
and coupled up in exactly the same manner as 
when under the fire-bars. The steam passes 
through the cylinder and coils, which are immersed 
in cooling water and open to the air at the end, 
and the steam used over & period of several hours 
weighed direct as condensed water. This appa- 
ratus we have found to be very simple and con- 
venient, and gives absolutely accurate results. 


(To be continued.) 





THE SPECTRA OF HYDROGEN 


HELIUM. 

Tue obscurity concerning the spectra of hydro- 
gen and helium, one of which elements seemed to 
show certain lines in stars, which had never been 
observed in the laboratory, has been cleared up to 
a certain extent since April, 1914, when Professor 
A. Fowler, F.R.S., dealt with this problem before 
the Royal Society in his Bakerian Lecture on 
** Series Lines in Spectra.”* Discoursing on ‘‘ The 
Spectra of Hydrogen and Helium” at the Royal 
Institution on Friday, the 3ist ult., Professor 
Fowler treated the subject in a more elementary way. 
The investigation of the spectra of hydrogen and 
helium, Professor Fowler pointed out, was inti- 
mately connected with problems apparently so 
diverse as the constitution of the atom and the 
order of celestial evolution. Like hydrogen, helium 
now appeared to be capable of emitting one of the 
simplest spectra known; hydrogen showed itself 
in nearly every self-luminous celestial body, and 
helium, discovered by its yellow D, line in the 
chrom ere of the sun, long before the gas was 
isolated in the labora’ » was characteristic of a 
special class of stars. Hydrogen tubes gave two 


spectra ; the —7 reddish glow was charac- 
terised by the bright lines of the primary 


AND 


Ha, Hg, H3, &c., in the red, blue- on &e. ; 
less be ag bluish glow of showed 

e exceedingly compli secondary banded 
spectrum of many hu of lines ; this secondary 


8 m was so far unknown in stars. Which of 


e@ two spectra a -tube would emit 


* See ENGINEERING, vol. xcvii., page 495. 





depended upon circumstances ; a narrow capillary 
at a pressure of a few millimetres gave the primary 
spectrum, but sealed tubes of this kind deteriorated 
rapidly, and showed the secondary — super- 
posed on the primary, owing probably to the gas 
evolution from the electrodes ; to avoid this, F. A. 
Gould, of the National Physical Laboratory, con- 
nected the tube with a large bulb. The secondary 
spectrum was so complicated that it had been 
ascribed to the presence of impurities ; but it was 
no longer doubted that it really belonged to 
hydrogen. 

The regularity of the arrangement of the pri- 
mary lines had first been formulated by Balmer 
in 1886, according to whom the wave - length 
\ = 3646.14 m?/ (m*—4) ; when the integer values 3, 
4, 5 were taken for m, the A were those of Ha, Hg, 
Hé, &c. Lines connected in this way were said to 
form a series, and the formula showed that there 
could be no member of this series of smaller wave- 
length than 3646.14 Angtrém units, for which m was 
infinite. If the formula were written so as to 
express wave-numbers n = 10°/A, or the number of 


waves per centimetre, then n= 109,675 ( = Ss =) : 
- wa 


the 109,675 was the Balmer (or Rydberg) constant. 

Balmer’s formula permitted of calculating an 
infinitely great number of lines, but in the labora- 
tory it was difficult to observe even ten members, 
though the addition of helium to the hydrogen 
brought out more ultra-violet lines (Dewar) ; 
some Huggins stars, on the other hand, showed 
20 of the series lines, Dyson had observed 28 
in the solar chromosphere, and Mitchell 34; 
nobody questioned their belonging to hydrogen. 

In addition to the Balmer series of hydrogen, 
there was a series in the infra-red (predicted by 
Ritz and observed by Paschen), and a series 
recorded by Lyman with a Schumann spectro- 
graph ; these two series were simply related to the 

mer series. In other spectra, Kayser and 
Runge, Rydberg, and others had discovered other 
series, several series being mostly so superposed 
that their distinction was difficult. There were 
usually three chief series, designated in the order 
of brightness as the principal P, the sharp S, and 
the diffuse D series. Imer’s formula had slightly 
to be modified to fit these series, and Rydberg 
wrote the formula: n = A — N/(m + 1)’, where A 
was the limit of the series and N the Balmer- 
Rydberg constant. The corrected value of the 
Rydberg constant was 109,679.22, according to the 
careful determination by W. E. Curtis, of the 
Imperial College of Science. Rydberg’s formula 
was only approximate, yet very useful ; it led to 
simple formule for the P, S and D series, and if 
either the P or the S series were known, the other 
could be calculated. Further formule had been 
deduced by Ritz with the aid of the combination 
principle. 

Passing to the spectrum of helium, Professor 
Fowler remarked that Runge and Paschen distin- 
eg six series in its primary line spectrum, the 

, S, D series of very close doublets, and the 
P', S', D! series of single lines. There being no 

ised connection between the two sets of 
series, the helium had been supposed to be a mix- 
ture of two-gases, and the P! series had been 
ascribed to ‘‘ parhelium.” That belief had been 
strengthened by the observation that the ordinary 
yellow glow of a helium tube at 1 cm. pressure 
hana into a mish glow at 1 mm. pressure ; 
but helium by no meansalone in this respect, 
and parhelium had abandoned. Like hydrogen, 
helium also gave a very complex secondary spec- 
trum, which was simultaneously discovered by 
Goldstein and by Curtis; it was a distinctly, but 
peculiarly banded spectrum, and was seen in the 
wide parts of tubes containing helium at rather 
high a a small condenser and spark- 
gap, but had not yet observed in stars ; in these 
res helium resembled hydrogen. 
fessor Fowler then came to the chapter in 
the story of the spectra of hy: and helium 
which had caused so much discussion. In 1896 
Pickering discovered in the star ¢ Puppis lines 
intermediate between the hydrogen series of 
Balmer, but vei, converging to the same 
limit as the Balmer series. weeny Bs once 
suggested that the new series might also belong to 
hydrogen, and Rydberg calculated that the Balmer 
lines represented the diffuse series, and the Picker- 
lines the series of h ; from the 





can be done has already been stated. This new P 
series should have a blue line, near 4688, and this 
should be very bright, being the first member of a 
———- series, whilst the other members would 
probably be too faint to penetrate through our 
atmosphere. Now a bright line, 4686, was already 
known in the Wolf-Rayet stars (in company with 
Pickering lines), in many nebulz, and also in 
¢ Puppis. The oe of the beautiful ring nebula 
of Lyra was peculiarly interesting. Arranging his 
spectroscopic slit as a vertical diameter, cutting the 
nebular ring above and below, and ing through 
the dark centre, Max Wolf found the line 4686 in 
the dark centre. But as this line and the Pickering 
series had never been observed in the laboratory, 
it was suggested that they might belong to a 
liar hydrogen at very high temperature, which 
N. Lockyer called ‘* proto-hy »” and Miss 
Clerke ‘‘ cosmic hydrogen.” Now Professor Fowler 
himself had observed a faint line 4686 in the 
chromosphere in 1893; experimenting later, he 
found it in helium tubes, and taking up one of 
those old tubes in 1912 again, he noticed that the 
faint line would come out very strong at relatively 
high gas pressures and with strong (condenser) dis- 
charges. Subsequently Professor Fowler observed 
other Rydberg lines in the ultra-violet, but in 
helium, not in hydrogen tubes, and he had there- 
fore found more than he bargained for. Since, 
however, hydrogen would turn up in all tubes, no 
matter what gas they contained, he assigned the 
new lines with Rydberg to hydrogen. 

Yet, Dr. Fowler proceeded, the position had not 
been satisfactory when new light was thrown on 
the subject in 1913 by Bohr’s theory of the consti- 
tution of the atom. Applying Planck’s quantum 
theory to the Rutherford model of the hydrogen 
atom (positive nucleus, round which an electron 
moves in an orbit), Bohr gave Balmer’s formula a 
form in which it included the 4686 and Pickering 
lines. In its ordinary planetary motion (stationary 
state) the electron was not to radiate light, but 
when driven out of its orbit by electric discharges 
into another stationary state, it would, on its 
return -jump to the first state, radiate definite 
amounts of energy, which would determine the 
frequency, and thus the position of the respective 
line in the spectrum. The helium atom contained 
a nucleus of four times the mass of the hydrogen 
atom, and two electrons revolved round it; 
moderate discharges detached one electron, which, 
on its return, gave the ordinary spectrum, while 
strong discharges detached both the electrons. 
When only one of these electrons was regained by 
the nucleus (the simpler case so far worked out), 
the formula of Bohr he helium was identical with 
that for hydrogen, except that instead of the 
N constant another constant, N' = 4 N, had to be 
introduced ; and it was remarkable that when 
Bohr allowed for the mass of the nucleus (which 
he had not at first done), the slight difference 
between the observed and calculated (Rydberg) 
lines vanished. Thus the new helium tube lines 
had to be attributed to helium, and not to 
hydrogen. 

In su uent experiments the questionable lines 
had, ind been found by Evans, Stark, and him- 
self in helium tubes which seemed to be quite free 
from hydrogen. The study of the enhanced lines— 
intense lines, only becoming visible with the spark 
discharge—of esium further supported the view 
that two kinds of series should be distinguished :— 
(1) Series of the arc type with the Rydberg constant 
N ; (2) series of the spark type, constant N' = 4N, 
giving twice as many lines. In the case of hy- 


drogen Bohr’s formula n = N ( 3 “ =, )erve the 


infra-red series for p = 3, the Balmer series for 
p = 2, the Schumann series for p = 1, whilst in 
the case of helium—the name used to distin- 
guish this helium from ordinary heliam—the for- 


mula was n= Ni ©, 


Pickering series, and p = 3 the 4686 series. The 
return of one detached electron seemed to give 
rise to the usual arc spectrum, the return of one 
of two electrons to the spark type. Relations 
between the arc and spark types of spectra of the 
same element did not ap to exist; the two 

pes, in fact, looked as if belonging to different 

ements. 

As now the 4686 series was clearly of the spark 
type, it could not belong to the arc series of 


-,)s and p = 4 gave the 





latter he deduced the principal series ; that this 





hydrogen, and must be assigned to helium. On 
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the elder theories the name “‘ proto-helium ” would 
have implied that the atoms themselves were 
broken up; on the modern theories a proto- 
element merely had one electron removed, and its 
mass was only very slightly reduced. To test this 
point T. R. Merton had made comparative (inter- 
ferometer) measurements of the breadth of line 4686 
and other helium lines. According to Rayleigh the 
breadth of a spectrum line chieflydepended upon the 
Doppler effects due to the motion of its luminous 
particles, whose velocities depended — the atomic 
mass and temperature of the gas. Merton found 
the line 4686 so much wider than the others as to 
indicate only 0.1 of the atomic weight of helium, 
if the theory of broadening were complete ; but 
Bohr credited the 4686 particles with an increased 
velocity, because they carried an excess c in 
an electric field. The chief outstanding difficulty 
concerned the positions of the Pickering series 
lines ; but E. J. Evans (Manchester) had photo- 
graphed some of these lines exactly in the positions 
predicted by Bohr, and this seemed to be confirmed 
by Paschen. Bohr’s theory had, at any rate, 
proved brilliantly successful as regards hydrogen 
and proto-helium, though Nicholson’s attempt to 
extend this theory to the ordinary spectrum of 
helium had so far failed. The lines now assigned 
to the simplified form of helium were of special 
astrophysical interest, since they occurred, together 
with the ordinary helium lines, in nebule and 
Wolf-Rayet stars. These investigations also sup- 
ported the assumption that nebulz and Wolf-Rayet 
stars stood next to each other in stellar evolution, 
and that the nebulz condensed into Wolf-Rayet 
stars. A good deal of mystery still surrounded 
these questions; yet it was surprising that the 
laboratory resources had proved sufficient to repro- 
duce so many spectral lines of celestial bodies. 





THE PARIS MOTOR-BUSES. 

In a former article* we pointed out the effect which 
the war was having upon the travelling facilities 
within the boundaries of the French metropolis. In 
regard more particularly to the omnibus service, 
hostilities were declared when this service was being 
afforded by motor vehicles which were giving complete 
satisfaction; the chassis, motors, and tyres had 
gradually been improved ; breakdowns had ceased to 
occur ; expenditure was on the decrease and receipts 
were gradually rising. The omnibus service was 
drawing to itself a very | proportion of the pas- 
sengers who hitherto had favoured the underground 
metropolitan railway systems, notwithstanding the 
fact that this service has always been surrounded 
with difficulties which are not met with in London. 
Many of the Paris streets have comparatively heavy 
gradients, and the service only extending within the 
fortifications, the distances are small, 7 km. (4.3 miles) 
hardly ever being exceeded, resulting in the standing 
of the vehicles at each terminus, and a loess of time 
os in proportion to the running time. 

When the war broke out, the whole of the motor- 
buses were commandeered for military use exclu- 
sively, and the Paris service 
few months ago, when it was decided to start in 
Paris a reduced motor-bus service, the Paris 
Omnibus Company, which controls the traffic, found 
that it could not do better than adopt the t of 
vehicle which was finally accepted in the middle of 
1914. Vehicles for this reduced service were put in 
hand, but they have not been placed on the Paris 
streets, for the military authorities commandeer the 
new vehicles as fast as they are built. 

A large proportiom of the motor-buses which had 
been taken over by the French War De ent at 
the outbreak of hostilities were, on their return to 
Paris from the war-zone, converted with the object of 
still furtber facilitating the transport of men and 
food-stuffs. For the latter service, the whole of 
the seating accommodation was removed, the glass 
panes were replaced by wire-netting, and the roof 
was provided with strong hooks. The vehicles which 
were built more recently, with a view to ensure 
the limited service referred to, were finished in the 
same way by order of the military authorities. The 
manner in which all the vehicles have been able to 
withstand the hard usage they have received and are 
still receiving in the hands of the military men is 
indeed remarkable ; it affords a proof of the excellence 
of their design and manufacture, and renders the 
following brief description of their component parts 
specially interesting. 

_Prior to the year 1906 the company owned a number 
of double-decked motor-buses, carrying 32 passengers, 
mounted on a Schneider chassis. The motor was 6 
four-cylindered Schneider, the cylinders having a bore 
of 125 mm. (4.9 in.) and a stroke of 140 mm. (5.5 in.). 


* See ENcINgeRiNo, vol. ®, page 474. 
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The engines developed 30 horse-power at 900 revolu- 
tions per minute. This type of vehicle was quite 
satisfactory ; but it was found that much delay was 
caused owing to the time taken by passengers in 
leaving and taking their seats. The chassis weighed 
3190 kg. (3 tons 2 owt. 3 qr.), of which 1690 kg. 
(1 ton 13 cwt. 1 qr.) was on the front axle. The 
omnibus when empty had a total weight of 5060 kg. 
(4 tons 19 ewt. 2 qr.), of which 2030 kg. (1 ton 19 cwt. 
3 qr.) was carried on the front axle. ith the total 
complement of passengers the weight was 7270 kg. 
(7 tons 3 cwt.). The maximum speed on a level was 
22 km. (13.7 miles) per hour. The second was 
13 km. (8.1 miles), and the first speed 6.5 km. (4.05 
miles) per hour. 

Since the company had to adopt mechanical trac- 
tion on the whole of its routes, numerous trials were 
carried out with several types of vehicles. One of 
these was an omnibus seating 23 passengers on seats 
placed longitudinally. Another was a 34-seat vehicle 
mounted on a Schneider chassis; this latter has 


proved the per of the one finally adopted. 
A third model had 2] seats, and was carried on wheels 
with umatic tyres, each rear wheel being fitted 


with tyres, two of which were non-skids. It was 
not long before it was found that the tyres burst 
rapidly, or else were very soon cut, thus renderin 
the service most irregular. These vehicles weighed 
5500 kg. (5 tons 8 cwt.) each with their full complement 
of passengers. Another motor-bus was then tried, 
seating 28 passengers, having a body 2.30 m. (7 ft. 7 in.) 
in width, with side entrance close to the rear end; then 
a further design carrying 30 ngers, and having & 
rear platform on a lower level, access to which was had 
by a step on the centre line of the vehicle. 

All these and further experiments led to the final type. 
They showed that the body should have a minimum 
width of 2.30 metres in order to give sufficient room 
to render the vehicle a remunerative one. The plat- 
form above referred to, placed in the rear on a lower 
level, was maintained. The double-deck was done 
away with entirely, and the number of seats was made 
to vary between 35 and 30, according to the route. 
For a certain number of the new vehicles the chassis 
taken from the old double-decked omnibuses were 
utilieed, after being reconstructed where necessary. 
The chassis for the 35-seat vehicles are built by 
Messrs. Schneider at their Havre works, and those 
for the 3l-seat vehicles by Messrs. de Dion-Bouton, of 
—. a - 

 motor-bus carrying 35 passengers, moun on 
a Schneider deat, Rts b +5 four - cylinder 
engine of the dimensions given above, built by the 


same firm. e chassis, en are illus- 
trated in Figs. 1 to 13, on Plate XII. The 
chassis is shown in side elevation and plan in Figs. 1 
and 2; Fig. 3isa front end view. the differential 


gear is illustrated in Fig. 4, and is of the usual bevel 
oi Figs. 5 to 7 ~ details of the steering-gear. 
he engine, which is illustrated in Figs. 8 to 10, 
is carried by two cross-members. The cylinders 
are of the “] type, and are lubricated on the splash 
——-. he cam-shaft is gear-driven and has 
eyed-on cams. The inlet-valves are o ted by 
means of long tappets and overhead levers. The 
ignition is by means of high-tension magneto. The 
cooling is by thermo-syphon, the radiator and fan 
ing mounted on the front of the chassis. To prevent 
damage to the copper tubes of the radiator, an alumi- 
nium star-piece protector is fitted, as shown in Fig. 3. 
The power is transmitted through a Hele-Shaw clutch 
to the gear-box, which provides three forward speeds, 
the third speed being s direct drive, and one reverse. 
The -gear box is shown in Figs. ll and 12. The 
final drive on the back wheels is by an annular spur- 
gear, the outer rings being bolted to the wheels, as 
illustrated in Fig. 13. 

The steering-gear, as shown in Figs. 5 to 7, is of the 
screw-and-nut type, and is on the left-hand side. The 
vehicle has two Teto~<0 differential brake actuated 
by a a. which also disen the clutch, and a 
lever-brake acting on brake-drums fixed to the rear 
wheels. The shoes of the rear brakes are wood-lined. 
The wheels are of wood, and are manufactured in the 
General Omnibus Company’s works, the spokes bei: 
made of acacia and the rim of elm ; the naves are o 
steel, and are fitted with phosphor-bronze bushes. 
The front wheels, which are provided with single 
ru tyres, are 0.900 m. (35.4 in.) in diameter, and 
the rear wheels, which are provided with twin tyres, 
are 0.950 m. (37.4 in.). The chassis weighs 


ig kg. 
(3 tons 5 ewt. 3 qr.), of which 1750 kg. (1 ton 14 owt.) | ben: 


is carried on the front axle. The motor-bus, emp’ 
and in running order, weighs 5100 kg. (5 tons 1 qr.), 
of which 2150 é- (2 tons 2 owt. 1 qr.) is on the front 
axle, and 2950 kg. (2 tons 18 cwt.) on the back axle. 
With the full complement of the weight is 
7800 kg. (7 tons 13 cwt. 1 qr.), of which > 
(5 tons 4 cwt. 1 qr.) is carried on the back axle. 
chassis is 7.567 m. (24 ft. 10 in.) in total length ; the 
width of the front part is 0.928 m. (36.5 in.), and the 
rear portion 2.160 m. (7 ft. lin.). The wheel-base is 
4.450 m. (14 ft. 7 in.). The over-all width of the back 





axle is 2.178 m. (7 ft. 2in.), and over the front axle 
caps is 2.006 m. (6 ft. 7 in.). With the engine running 
at 1000 revolutions per minute, the vehicle travels, on 
the three different speeds, at 6.5 km., 12.7 km., and 
22.7 km. (4.05, 7.9, and 14 miles) per hour. 

The older Schneider chassis, which carried double- 
decked motor-buses, and which have been lengthened 
by the addition of a platform built of angle bars, 
are fitted with a Schneider engine similar to the 
one above referred to. The is has a total 
length of 6 660 m. (21 ft. 10 in.), a width of 0.855 m. 
(33.6 in.) in front and 2.160 m. (7 ft. lin.) in the 
rear. wheel base is 3.650 m. (12 ft.). Thechassis 
alone weighs 3350 kg. (3 tons 5 owt. 3 qr.), of which 
1760 == ton 14 owt, 2 qr.) is carried on the front 
axle. motor-bus has seating accommodation for 
30 passengers, and weighs empty 4945 kg. (4 tons 
17 owt. 1 qr.), of which 2035 
on the front axle. With its 


. (2 tons) is carried 
complement of pas- 
sengers the weight is 7035 kg. (6 tons 18 owt. 2 qr.), of 
which 2225 kg. (2 tons 3 cwt. 3 qr.) is on the front 


axle. ee pre are 6.5 km., 12.7 km., and 22.7 km. 
(4.05, 7.9, 14 ee hour. The is generally 
similar to that of the other type of ider vehicle. 

The bodies of these vehicles need no special 
comment, since they may be considered more or 
less as makeshifts. One type of vehicle has eating 
accommodation for 31 —12 first-class 
19 second-class; another seate—8 first-class and 
22 second-class. Further t can seat 35 passengers, 
either 16 first-class and second-class, or 12 first- 
class and 23 second-class, since it was found that 
on many of the omnibus lines the first-class pas- 
ae were decreasing, contrary to what occurred 
with the horse - drawn vehicles. The body-frame 
is of oak, the curved ribs of ash, the roof of pine 
and the floor-grating of elm. The first-class seats are 
generally of mahogany and the second-class seate of 
pitch-pine. The total weight of a body, complete with 
all fittings, is from 1600 kg. to 1800 kg. (about 1 ton 
13 cwt.). Means have been provided for heating the 
omnibuses with the exhaust gases from the engine, 
for which purpose the gases are made to flow through 
aluminium foot-warmers, baffle-plates suitably fitted 
in the exhaust-pip2s and a diso-valve on the silencer 
regulate the temperature of each foot-warmer. The 
foot-warmers have not always been found perfectly 
gas-tight. Lighting in the Paris service is by 
acetylene ; the same method is followed on the battle- 
field when lighting can be resorted to without any 
risk. At first the gas was raised in a calcium-carbide 
generator, but the piping rapidly clogged-up and the 
generator frequently leaked and was difficult and 
costly of maintenance. At the present time diesolved 
acetylene is exclusively used ; gas-cylinders are fitted 
to the vehicle, containing puri acetylene fae a 
porous substance and acetone. The su cose to 
the lamps at @ constant pressure of 20 om ca in.) of 
water by means of a pressure regulator. The cylinders 
contain a supply for a two days’ service. 

When the motor-buses were in regular service 
in Paris they were inspected by a mechanic on their 
reaching terminus, and also every night on their 
reaching the rege. When a vehicle had covered 
40,000 km. (25, miles) it was taken to the shops 
snd completely overhauled; the body was removed, 
the chassis thoroughly inspected, and rivets which 
had become loose replaced by new ones. The engine, 
speed-gear, differential-gear, and other of the 
mechanism were taken to pieces, justed, and 
tested. The vehicle was then and tested 
before being returned to service. The cost of main- 
taining the vehicles in lect working order was 
found to amount to 0.13 franc per kilometre (16s. per 
100 miles) for the chassis and motors, and to 0.03 
franc (3s. 10d. per 100 miles) for the body. The cost 
of other items works out as follows :—0.12 franc 
(15s. 5d. per 100 miles) for the tyres; 0.0265 franc 
(38. 5d. per 100 miles) for washing, lighting and heat- 
ing; 0.2125 franc (27s. 4d. 100 miles) for the 
various fuels. At first alcohol carburetted with 50 
per cent. of benzol was used; later benzol alone 
was adopted, notwithstanding certain disadvantages, 
such as less rapid starting in cold weather and 
sooting of the sparking-plug. The motor-fuel con- 
sumption vebicle was found to be, on an 
a 0.500 litre per kilometre (0.176 gal. per mile) 
for per cent. benzol having a density of 0.880; 
0.525 litre (0.180 gal. per mile) for petrol having o 
density of, say, 0.745, and 0.575 litre (0.2 gal. per 
mile) for alcohol carburetted with 50 per cent. of 


zol, The expenditure on lubricating oil, 


ty | and cotton-waste amounted to 0.0210 franc per kilo- 


metre (2s. 9d. oy 100 miles); the drivers’ w 
amounted to 0.10 franc (12s. 10d. per 100 miles), and 
the dépét charges to 0.06 franc (7s. 9d. per 100 miles). 
The total gave 0.70 franc kilometre (89s. 4d. per 
100 miles), which does include the reserve for 
renewals, the ticket collectors’ and examiners’ wages, 
general taxes, insurance, accidents and main- 
tenance of bui 


At the commencement of the motor-bus service in 
Paris the gross receipts were found to be 0.892 franc 
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per kilometre (1s, 1d. per mile), 0.144 franc (1.4d.) per 
nger and 0.156 franc (1.5d.) per seat available, 
whilst the three corresponding figuresin the case of 
the horse-drawn vehicles were 0.612 franc per kilo- 
metre (9.8d. per mile), 0.154 franc per passenger and 
0.113 franc per seat (1.5d. and 1.1d.). The motor- 
buses pov over 6180 passengers per kilometre per 
year, whilst in the horse-drawn vehicles the corre- 
sponding number was 3970. In 1913 the company 
carried 426,000,000 passengers in their motor-buses, 
the figure for 1912 being about 366,000,000, whilst in 
1909, when the improvement in the service was com- 
mencing, it was under 254,000,000. However, in the 
periods under consideration the number of car-kilo- 
metres run rose from 48,000,000 to 67,000,000, the 
receipts rising from 44,000,000 to 58,000,000 francs. 
(To be continued.) 





THREE - PHASE GENERATORS 
RJUKAN II. POWER - STATION 
SAAHEIM, NORWAY. 

In 1905 the capacity of the largest water - turbine- 

driven electric generator was only 5000 k.v.a., but 

since then, in rapid succession, water-power installa- 
tions have been completed wit. many times that capa- 
city. Most of these generators have been manu- 
factured in the ~~ ee works of the more 
important countries, but, nevertheless, the Swedish 
electrical gy fm always maintained its place in 
the front rank. us the generators at the Sviilgfos, 
the Rjukan, and the Trillhattan hydro-electric power- 
stations, which were considered the largest in the 
world at the time, were all of Swedish manufacture. 

Recently the General Swedish Electric Company at 

Vasteras has supplied to the second Rjukan power- 

station at Saaheim, in Norway, six generators which 

leave those hitherto made a long way behind as 
regards size, and which, for the present, may claim 


FOR 
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to be the largest three-phase generators built for 
water-turbines. Some particulars about their construc- 
tion, and es results of the tests, together with the 
views on this and the o ite page, and also on e 
352, will therefore be of a terest as 

In consequence of the method of manufacture of 
nitrates by the Birkeland-Kyde system, which involves 
the transmission of energy direct from the machines 
to the furnaces without any transformation, the gene- 
rator units were designed for a continuous maximum 
output of 18,900 k.v.a., with 9500 volts, 250 revolu- 
tions per minute, 50 periods, and cos ¢ = 0.65. 

In contrast to the machines previously made for the 
Rjukan station, those under review are constructed as 
single-phase generators. Otherwise the construction 
does not in its main features deviate from that gene- 
rally followed, with stationary armature and rotating 
;magnet field, but, on account of the size of the 
| machines, a number of special arrangements have been 
| ni Thus both the s‘ators (Fig. 8, page 352) 
and the rotors (Figs. 9 and 10), for convenience of 
transport, have been built in several pieces. The 
exigencies of the means of transport did not allow of 
heavier pieces than 25 tons, nor of sizes exceeding 
the ordinary railway loading gauge. Further, partly 
to keep the noise in the power-station within reason- 
able limits, but principally for the sake of ventilation, 
the generators are completely enclosed. 

The machines are erected in pits of such a size that 
the height of the shaft above the floor of the power- 
station is about 1 m. (Fig. 2). The excavations, in 
addition, are so large in an axial direction that the 
trunks for the intake of the cooling air and the 
central casi having been removed ; the stators can 
be shifted sideways so far that the rotor becomes fully 
accessible without lifting the upper half of the stator. 

So as to render all the parts of the stator winding 
easily accessible, the stator, after its detachable feet 








have been removed, can be turned round on rollers ' 
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SINGLE-PHASE ELECTRIC GENERATOR; RJUKAN II. POWER-STATION. 


CONSTRUCTED BY THE SWEDISH ELECTRICAL COMPANY, 


VASTERAS. 


provided for the purpose. Otherwise the construction 
is arranged in the usual manner, with separate founda- 
tion-plates for the etator and the bearings (Figs. 2 and 
3). In addition, one bearing is electrically insulated, 
both from its foundation and from all the oil and 
cooling-water pipe-lines connected to it. 

The armature of the direct-coupled exciter is placed 
at some considerable distance from the generator bear- 
ing. This has been done so as to make it possible to 
place a lifting-jack under the shaft, between the 
exciter and the bearing, so that the dismantling of the 
generator bearing can be effected without removing 
the exciter. The stator of the latter stands by itself 
on a separate foundation-plate. s 

The stator-frame of the three-phase generator is 
entirely of cast-iron. It is divided into four parts, 
and forms a collecting trunk for the cooling air which 
flows from the ventilation channels in the foundation- 

late. The four parts are attached to each other by 
Colts and screws. The casing is fitted with apertures, 
of which those above the level of the floor, as a rule, 
are closed with doors, which can be removed if it be 
required to let the warm air direct into the generator. 
The apertures on the lower half, on the other hand, 
are without doors. Normally all the warm air is let 
out through these to the outlet channels of the venti- 
lating systern. 

The coverings surrounding the windings are attached 
to the stator-frame. They are of cast iron, as this is 
better than sheet metal for reducing the roar from the 
interior of the machine. The casings are fitted with 
sheet-iron doors to facilitate inspection. The flat 
shields, which close the opening round the axle, are 
also of cast iron. On the one side the lower of these 
shields is formed into a mouth-piece for connection 
with the open air-channel. 3 

The armature is com of an alloy metal, insu- 
lated by paper. It is attached to the frame in the 
usual manner by means of swallow-tail wedges, and 
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Fig .2. 
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held together axially by pressed flanges and insulated 
bolts. The p flanges are at the same time 80 


shaped that they can serve as bases for the se 
supports. The unusually nee ae is fitted wi 
numerous ventilation channe On account of the 
large quantity of core-plates which had to be dealt 
with—about 40 tons per machine—special tools were 
constructed, so that an entire core could be dealt with 
in one operation. As a matter of recep. er may be 
mentioned that each machine contains about 34,000 
core segments, laid in by hand. 

The armature winding comprises two plane wind- 
ings divided into three slots per pole and phase, two 
bars per slot. Each bar in its turn is divided into a 
number of parts, of which those nearest the air-gap 
are stranded. The eddy-current losses have thereby 
been kept so low that the losses recorded at the short- 
cirouit tests only exceeded those calculated from the 
resistance measurements by about 35 per cent. For 
the insulation of the windi micanite has mostly 
been used. The bars are individually insulated by 
means of cotton windings, and, after impregnation, 
were laid in the micanite tubes. The greatest care 
has been taken to prevent all possibility of ozone or 
nitric acid being formed within the bars. The two 
Me in the same slot are séparated by micanite insu- 

tion. ¢ 

In addition to the windings being well protected, 
unusually stringent insulation tests were insisted upon 
in connection with the working voltage. Thus the 
teste between two neighbouring in the same slot 
were made with 12,000 volts for 10 seconds in the cold 
state, and between the phases and between the con- 
ductors and the iron with 30,000 volts for 60 seconds, 
all with 50-period sinusoidal alternate current. The 
tests undertaken were exceedingly sati ° ere 
certainly were some difficulties to begin with regard- 
ing the 30,000-volt tests, because creeping took place 
across the insulation collars of the winding support ; 
but these having been altered to a more suitable 
shape, and the insulation of the support otherwise 
having been somewhat strengthened, the test vol 
was found to bear increasing a fair amount beyond the 
30,000 volts without cross-conduction taking place. 

Outside the .core-plates the two bars in the same 
are insulated separately. The insulating material is 
sterling plastic cloth or similar material. Each wind- 
ing group is fitted with two supports, which, on the 
coupling side, also support the connecting wires. 

The rotor is divided into dises, which are held 
together by means of screws. The poles and the ring 
are in one piece, of Siemens-Martin steel. The divi- 
sion has been made so as to facilitate manufacture and 
transport. The pole-shoes are laminated, so as to 
reduce the losses on account of the open slots, and 
attached to the poles by means of screws. On 
account of the high peripheral speed with the normal 
number of revolutions, 60 m. (197 ft.) per second, and 
the consequent centrifugal stress, the test 
care had to be en’ in the fastening of them. 
Owing to the way this has been done, the stress on the 
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screws, even under the most unfavourable conditions, 
i The a avind consists of 
he t windi o! r 
wise, and insulated in the usual manner 
. Each pole has 51 windings. The insulation 
ween the windings has been tested with a voltage 
higher than the usual working voltage, 
the winding and the iron with 2000 volte for 
1 minute. The normal exciting pressure is 220 volte. 
Tee am account of the i -_ distance between the 
i consequent upon 
ing the stator sideways, the shaft 
specially strong. 


the same 








It is hollow through its entire 





length, and the core taken out in the boring was used 
for obtaining test-pieces. For coupling with the turbine- 
shaft, the generator-shaft has a flange fo with it. 

The contact-rings are of cast iron. re are five 
pees of heaton $5 tach ing, sup Tap seme 

older arrangement 4 to the bearing-frame. 
On machines with hollow shafts, the conductors 
between the contact-ri and the rotor are often 
placed inside the shaft. lation mishaps, however, 
easily occur, on account of the more or less sharp 
bends, which are unavoidable in this arrangement. 
On this machine the conductors therefore are placed 
in a separate slot, formed for this purpore on the sur- 
face of the shaft, and protected by means of wedges. 

The bearings are of the ordinary type, with spherical 
brasses, lined with best white metal, and arranged for 
water-cooling and forced lubrication. As already men- 
tioned, the requisite quantity of cooling air for these 
machines is about 20 cub. m. (706 cub. tt.) per second. 
This quantity of air is sucked into the generator by 
the fan wings | veg on both sides of the rotor, which 
have both to draw the air through the fixed system of 
inlet channels and to drive it through the machine 
and the outlet channels into the open. The fresh air is 
of tho sochion, frou whenve it passee pactiy thevegh 
of the , from whence it passes ly ugh 
the fans to the cores and windings, and partly through 
a wide channel in the centre of the rotor. Although 
the air is only admitted from one side, no material 
differences in temperature between the two sides of 
the machines have traced. 

The moment of inertia of the flywheel is propor- 

ional to A D*, where A denotes the weight in kilo- 
grammes, and D the diameter in metres. For 
— regulation it is found that the value of A D* 

ould not be less than 750,000 kgm.*, but for mecha- 
nical reasons the rotor, however, has been so con- 
structed that the value actually somewhat exceeds 
1,000,000 kgm.*. 

The complete machine weighs about 200 tons, of 
which about 90 tons are in the stator part and 80 tons 
in = rotor, —— = shaft. 

‘or testin machines a special two-speed asyn- 
chronous sober was constructed of normally 1600. 
650 horse- er, 500-250 revolutions, 50 periods, 
and — a for — coe gre Bas the 
generator. e teste gave altogether satisfactory 
results, and showed that all the stringent demands 
had been fully com with. Fig. 4 shows the 
= i -_ : t a of the teste. 

e increase of voltage was guaran at a maxi- 
mum of 25 per cent. at 8600 volts, 1050 amperes, 
and cos ¢ = 0.65. According to the test it is calcu- 
— as penne the same time the fall of 
voltage was to reach 45 per cent. with 

load’, this figure, too, came out well. The 


losses measured simultaneously with the above-men- 
tioned curves are shown in Fig. 5. On sccount of 
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whilst on other similarly sha 
structed for the same number of revolutions, 0.75 to 
0.80 per cent. generally was obtained. The short- 
circuit losses are guaranteed at a maximum of 1.6, 
the ohm ones. The open-circuit losses mostly consist 
of friction losses, the iron losses through the use of 
alloy core-plates having been kept at a very low 
figure. The efficiency calculated according to the 
tests, without deducting anything for the reduced 
friction losses h exchange of the test-fans, also 
comprises the rheostat losses in the exciting circuit. 
Fig. 6 shows the efficiency at various | and at 
maximum voltage. At full load and cos ¢ = 1 the 
high value of 97.6 per cent. has been obtained. The 
guaranteed values were :— 


machines, con- 


96 per cent. with 8600 volt, 1050 amp. cos ¢ = 0,7 
95.75 ” ” 9000 ” 1050 ” ” = 0.7 
95.76 = ,, oo ne Ee ns me OT 
These have omen been satisfactorily met. 
Also the heat tests yielded highly satisfactory results. 

In this connection the following tees had been 
stipulated for :— With continuous with 8600 volts, 


1 amperes, and cos ¢ = 0.65, no part of the 
machine, when stable conditions had been attained, 
should have a higher temperature than 45 deg. Cent. 
(81 deg. Fahr.) above the in-flowing cooling air, pro- 
vided that the temperature of the latter did not 
exceed 25 deg. Cent. (77 deg. Fabhr.) under the same 
conditions; but with 1150 amperes load, with 9500 
volts, and cos ¢ = 0.65, the rise in temperature should 
not exceed 55 deg. Cent. There were, besides, some 
special demands for unsymmetrical loads and maxi- 
mum temperatures measu by means of a thermo 
element in the interior of the machine. For the 
bearings the maximum temperature rise was to be 
50 deg. Cent., irrespective of the temperature in the 
machinery hall, provided the temperature of the cool- 
ing water was not above 20 deg. Cent. All these 
guarantees were fulfilled. 

Besides the previously mentioned insulation tests, 
the machine was run with 50 per cent. over-voltage 
for three minutes. In addition a short-cirouit test 
was undertaken with full number of revolutions, and 
an exciting current corresponding to the maximum 
load, without it in the least seeming to affect the 
machine. Generally this test is attended by notice- 
able vibration phenomena. Had it not been shown in 
other ways that the short-circuit had actually taken 
place, one would have been tempted to think that 
some accidental contact had happened, the mechanical 
effects being so imperceptible. 

All other tests naving been made, the porieiety 
exacting over-speed test was undertaken. For different 
reasons it was prolonged considerably beyond the stipu- 
lations of the contract—30 minutes with 80 per cent. 
over-speed—the machine in reality being run for more 
than an hour, the ae varying from 50 per 
cent. to 80 per cent.; the latter percentage prevailed 
for the last half-hour. The rotor at this test having 
to be in its final state, the fans were not removed. 
The loss of efficiency, in spite of the air-intake being 
closed, of course was material, and amounted with full 
over-speed to about 830 kw. transmitted to the gene- 


rator axis. Added to this were the other losses in the 
testing-room machinery, so that the te 
amounted to 900 kw. to 1000 kw. during the three 


hours the test altogether lasted. As the losses are 
caused principally by air-friction, it will readily be 
understood that the air enclosed in the machine would 
be materially heated, and the over-temperature of the 
air =— from several apertures was about 30 deg. 
Cent. By means of electric braking the generator was 
soon brought to a standstill, otherwise it would have 
taken more than an hour. The running-out curve 
seen in Fig. 7 shows how the generator behaves 
when, without magnetising, it is left to come to a 
standstill by itself. 

Although these generators may only be looked upon 
as a milestone in the progress of electric plant, they 
signify the furthest point so far reached, and are a 
very distinct credit to Swedish electrical industry. 





- INDUSTRIAL NOTES. 

HE average net selli ice of No. 3 Cleveland pig- 
iron for the three wantin ented March 31 last 2 
certified last Friday, the 7th inst., at 72s. 11.28d. per 
ton, a8 compared with 67s. 4 16d. per ton for the pre- 
vious quarter, equal to an advance of 5s. 7.12d. per 
tou. ‘This means, as from the lst inst., an advance of 
7 per cent. in blastfurnacemen’s wages ; the advance 
raises wages to 51 per cent. above the standard. 


The Wages Board of the Northumberland Miners’ 
Association issued last Saturday their quarterly ascer- 
tainment u the wages question, tugether with a 
report which states the following :— 

ue va and the Moe another quarter has now almost 
passed, ; price of coal, probably never 
reached previously during the lifetime of = A the 
oldest amongst us, is maintained. What change may 
take place in the coal market —s the next two 





— a — next time will show a PROGRESS OF MERCHANT 
“What is true of the price of coal is also true of SHIPBUILDING. 
the price of other commodities, consequently the in-| THERE can be no question of the vital necessity of 
crease in wages is still far from meeting the increase | such labour reserve as is available being utilised 
in the cost of living. We are also afraid that this for the construction of merchant ships, in view of the 
balance against wages will continue to get larger the | considerable depletion of tonnage due to war risks 
longer the war continues. and warrequirements. That the sinking of merchant 
“When, in June of last year, the Wages Committee | ships, either by mines or torpedoes, can have no mili- 
took upon itself the responsibility of withdrawing the | tary influence is recognised by every nation in the 
notice to terminate the sliding-scale agreement, it met | world except our enemies, but when it is remembered 
with a good deal of adverse criticism. Of that we did | that in six weeks thirty neutral ships and nearly double 
not complain, as we were aware there was room for | that number of British ships thus disappeared, it will 
grave difference of opinion, notwithstanding our own| be seen that the situation in the future must be 
clear conviction that, under the peculiar circumstances | grave _unless opportunity, when it presents itself, 
then existing, we did what was right in the highest|is taken to replace those ships with the least 
interests of all our members. possible delay. Facilities have been granted to 
“In the light of our experience since that time, we | shipbuilding firms to complete half a million tons of 
feel sure that you will be even more convinced now | merchant ships left standing on account of the out- 
than you were at that time that you were right when | break of war. This is to the good, but more will 
you confirmed our action. have to be done in the near future if there is to be as 
‘*In every mining district in Great Britain the| early a return as possible to the normal trade condi- 
rice of coal has gone up and miners’ wages have/|tions. During the past quarter only 69 vessels, of 
=e advanced, but we make bold to say that we in | 80,661 tons, were launched, while 55, of 122,883 tons, 
this district have got advances in wages which have | were commenced ; but with the great majority of ships 
given us as fair a share of the increase in coal prices as | little progress has been made. Nevertheless, these 
what has been secured by miners in any other part of | figures show that a larger number of vessels are re- 
the Kingdom ; and this we have got without friction, | ported as under construction than was the case at the 
trouble, or turmoil, whieh are so much to be avoided, inning of the year. Lloyd's returns show that there 
in the interest of everyone, during the present national | are 424 vessels under construction, measuring 1,423,435 
crisis,” tons, wee at the a 4 = year the apn 
The percen on Ww: during the present quarter | was 420 and the tonnage 1,363,590. ear e num- 
is to be 90 my oy ‘om vo . ber was 471 and the tonnage 1,587,467. There is thus 
on the year a decrease of 164,000 tons, but an increase, 
as compared with three months ago, of 60,000 tons. 
Glasgow shared very largely in the increase during the 
three months, as did also the Tyne. In other districts 
the differences on either side are moderate. The 
figuree, however, are nominal, because, unless ter 
progress can be made, the effect of veesels ‘‘ under 
construction,” without any merchant-ship work beirg 
done in shipbuilding yards, cannot in any way in- 
fluence the oversea trading fleets or the rates of freight. 
























































The Press Association states that the Committee on 
Production have awarded all grades of railway crafte- 
men employed by the Midland Railway Company an 
advance in wages of ls. per week on time rates and 
two and a half per cent. on piece rates. While the 
present award — only to the Midland Railway 
nage oy it is believed that other companies will act 
on the decision, and increase their craftemen’s w: 
by the same amount, as the claim against the Midland 
was considered a test case. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Wednesday business 
in the pig-iron market was at a complete standstill, and 
although in the morning buyers offered 93s. 6d. per ton 
for Cleveland warrants, there were no declared sellers. 
In the afternoon paw Soe to 93s., but still no 
transactions took p Thursday morning showed no 
change, the inactivity of the previous day again prevail- 
ing, while the cash buyers’ price remained at , and 
the settlement price at 93s. 6d. Alike at the afternoon 
session and on Friday these conditions were unaltered, 
sellers being disinclined to accept the 93s. quoted by 
buyers. Over the week, therefore, although the prices 
have been firmer, very little business has been done. On 
the resumption of business on Monday morning 1s. per 
ton was added to cash buyer’s quotation, and 6d. per ton 
to cash sellers, making the price for both 94s., no altera- 
tion being recorded in the afternoon. While there were 
no declared sellers in the market on Tuesday morning, 
buyers offered 95s. per ton for Cleveland warrants, but in 
the afternoon there were no quotations whatever. This 
gt ay ‘ye buyers of Cleveland warrants added 
a further per ton to their offers of terday, but 
sellers were not to be tempted even with 95s. 6d., and the 
market closed with this as the settlement price also. 


Scotch Steel Trade.—The most notable feature relating 
to the local steel industry during the past week has been 
the official regulation by the Ministry of Munitions of the 
price of all materials used and produced in the manufac- 
ture of steel and iron. Under no circumstances can the 
fixing of these prices affect the output in any disadvan- 
tageous manner, for the demand for all classes of material 
required for the ution of the war continues on a 
specially large Indeed, in every instance makers 
are strenuously endeavouring, wherever at all possible, to 
increase the daily output on Government aecount, in 
most of course, at the expense of ordinary 
mercantile busi which recedes further into the back- 

und as day follows day, both for home and foreign 
ad. Small sections, thin plates, and shell steel are 
impossible to turn 


It is announced that the next Trade Unions Con- 
ress will be held at the Town Hall, Birmingham, on 
ptember 4 and following days. All resolutions must 
reach the Secretary of the Parliamentary Committee 
not later than June 12. No society is allowed more 
than three resolutions. 





A meeting was held last week in the Coronation 
Hall, Gainfurd, under the auspices of the County of 
Durham Women’s War Agricultural Committee, when 
Mr. F. D. Acland, M.P., said that farmers throughout 
England had shown a tremendously fine example by 
their spirit in facing difficulties. Last year was one 
of the most difficult agricultural seasons anybody had 
had to 7 through, and this season threatened to 
be worse. e difficulties were tremendous, and they 
arose from the fact that they had to keep the Army at 
full strength and get the best possible production out 
of the land. They wanted to keep their armies up to 
@ maximum strength at a time when they believed the 
German forces were weakening, and the farmers 
were loyally ~ x them. ‘the Durham farmers 
last year did well. They increased the acreage under 
wheat and oats, and also increased the quantity of 
their stock by 4000 cattle and 8000 sheep. That was 
not bad er the circumstances, and much better 
than some other counties in England. Referring to 
the work of the tribunals, he said that after May 1 
there would be a closer scrutiny of certain classes of 
unmarried men. Farm bailiffs and foremen under 
thirty, and ploughmen and carters under twenty-five, 
would be liable to have their cases revised. 

At the close of the meeting a resolution approving 
the action of the Board of Agriculture in endeavouring 
to obtain an adequate supply of labour was agreed to. 


In an article in Canadian Machinery a statement is 
made to the effect that ‘‘while the ave: man is 
content to plod along, doing just what he is told to 
do and no more, the exceptional man, the man who is 
oo on the look-out to improve his position, will be 
fi not only accomplishing his allotted task with 
et — will also be ready and able to 
offer suggestions for improving or changing existin 
plant equipment for the purpose of facilitating ont 
supplementing output. It is the exceptional employee 
that loses no opportunity of studying the methods of 
the other fellow and applying them to his own work, 
if by so doing he can eliminate unnecessary detail 


most in request, and it seems almost im 
these out eh quickly as they are uired. Although 
maximum prices have not yet been fixed for manufacturc d 
i bility that an announcement 
may be made before very long, ee that this has 
already been done with pig-iron, ore, ore freights. 

iler-plates are now quoted 14/. to 141. 5s. per ton; 
ship-plates »bout 13/. 10s.; and angles, 13/. 5s. to 131. 10s. , 
less customary 2} per cent. 








months is difficult to forecast, but if March prices 





r’ . “ » : officially 
and reduce the time of operation. Every young man the of wn” bars being now ny 
should, be, alive Un rapidly deveopiog change | ae! 15516 nt tern il ol a es 
throughout the industrial field. oo SD does not es abe ° will be a imum rate at the works, 
seem to agree much with trade-union principles. wut the usual scale of extras applying to the higher 

Eres monty seo Sado tne sec in Sond 

Oor Raus Asroap.—'The ex; of rails from the y tron 1 som : 
pe a K z cautions ' 6 Ww a great = or Government contracts, Gate h seneteety Set 
amoun' March tons, as com: with | difficul overtaking orders » 
17,572 tons in _ , 1915, and 40,207 tons in 1914. | while shortage of good puddlers prevents makers 
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keeping up the output as they would like. Such a very 
present trouble ia is that in not a few instances the out- 
is rather below the normal a than otherwise. 
ite the fixing of the price for ‘*Crown” bars for 
delivery in the home area, quotations under the figure 
already stated are fairly numerous. 

Scotch Pig-Iron Trade.—The official fixing ef a maxi- 
mum price for pig-iron is already having a steadying 
effect, and now makers and consumers alike can carry on 
operations on # much sounder and more satisfac 
basis. From the consumers’ — 94 the price is 
fairly stiff, but naturally e branch of industry must 
psy i +e 2 ¥. only the home me gy So 
affec y the official regulations, export prices ag 
left free, and although but little is being put through in 
this direction in the meantime, values are bound to fluc- 
tuate from time to time. The home consumption of pig- 
iron of all grades, hematite, foundry and forge qualities, 
is on a very large scale. For Scotch hematite pig-iron 
the maximum prices fixed by the Ministry of Munitions 
are :—Mixed Nos. 1, 2 and 3, 8/. 2s. 6d. per ton net f.o.t. 
makers’ works ; special quality, containing under 0.03 of 
phosphorus and sulphur, 8/. 15s. 6d. per ton net f.o.t. 
makers’ works ; — uality, containing under 0.02 of 

hosphorus and s' phar, 7. per ton netf.o.t. makers’ works. 

ers’ (No. 1) iron is currently quoted at the following 
prices :—Calder, Summerlee an Eeagicea, 127s. 6d. per 
ton ; Clyde and Gartsherrie, 130s. (all shipped at Glasgow) ; 
Eglinton, 123s., and Glengarnock, 130s. (both at Ardros- 
san); Dalmellington, 123s. (at Ayr); and Shotts, 127s. 6d. 
(at Leith), thus showing a considerable general increase 
in price during the present week. 

Shipbuilding.—In connection with the figures given 
last week a <a error crept in ; the total tonnage 
for the Forth during the month of March was 2563 tons, 
and as no launches took place either in January or Feb- 
ruary, these figures also represent the tonnage for the 
quarter. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—There is a remarkable 
keenness about the market owing to ure of 
orders for shipment and inland works before the holidays 
arrive, coupled with the shortage of supplies. On all 
sides, with the possible exception of the a 
section, the position is becoming increasingly serious. 
Manufacturing fuels are scarcely to be had, and this has 
led large industrial concerns, chiefly those _on 
munitions, to resort to the costly expedient of converting 
house and best quality coals for works purposes. Best 
nuts are being used in the place of slacks and inferior 
coal, which can hardly be obtained, and the conse- 
quent rise in the coal bill of the large establishments 
is very heavy. The only alternative left to manage- 
ments is to close down or run irregularly, and in 
the present critical days such a course cannot be con- 
templated. The demands for shipment are unusually 
great, but the Board of Trade Regulations are rigidly 
adhered to, and the tonnage going away is of an average 
character, with France the best customer. -In certain 
quarters it is considered that even now the restrictions 
are hardly strong enough, and the large shipments are 
held to be responsible in some degree for the present 
unsatisfactory position of the home market. Gas fuels 
are in great request for _works on contract 
account. A from this little business is being done, 
as collieries have nothing to offer. ‘The house- situa- 
tion is the only one which collieries and merchants are 
able to face with equanimity, as the falling away in 
the orders has given them some respite. ‘This is due 
to the advent of the warm weather, and advantage 
is being taken of it to reduce the arrears. Coke is being 
consumed upon an enormous scale, and the position of 
users is daily becoming more difficult.. Up to 34s. has 
been paid for best steam coke, and 24s. to 
quality. The general report on the situatio ) wil 
collieries working at full pressure and the railway facilities 
improving gradually, the outlook will speedily wear a 
brighter aspect. Quotations:—Best branch hand- 
20s. 6d. to 21s.; Barnsley best Silkstone, 17s. 6d. to 6d.; 
Derbyshire best brights, 17s. 6d. to 18s. 6d. ; Derbyshire 
house, 16s. to 17s.; best large nuts, 15s. 6d. to 16s.; 
nuts, 15s. to 16s.; Yorkshire hards, 16s. 6d. to 17s. 6d.; 
Derbyshire hards, 16s. to 17s.; best slacks, ; 
seconds, 10s. 6d. tolls. 6d.; smalls, 8s. to 9s. per 


E 


unduly restricted by the lack of supplies of tungsten, and 
this is more particularly felt where supplies under con- 
tracts are not sutficient to meet requirements. It was 
believed that the Government efforts to facilitate the 
supplies of ore from Australia, Burma, and the Straits 
xo es would have we — a ere 
ena new undertaking, run by eld 
manufacturers—the High-Speed Steel Alloys, Limited— 
to turn out refined ore to the utmost extent ot its capa- 
city. Asitis the works are not being run at full pressure 
owing to the shortage of the ore, and consequently this 
shortcoming is reflected in the wee tone of the -" 
special steel departments. general trade 
the city is not being conducted at such extraordinary 
high tension as heretofore, for manufacturers are 
declining large new orders until they have wiped 
off present arrears which accumulated in the early 
rushes. Works are on maximum output, 
but many months will be required to fulfil all orders. 


The War Office requisitions are quite as substantial as 
ever, and brook no delay. Manufacturers, however, have 
Situation well in The recent orders under 


and| of the 





this head have been for large 
files, and hack-saws. The iron and steel market is 
practically t , and only in the case of makers of 
steel for munitions is there any abnormal activity. 
Foundry pig-iron is almost featureless, with little busi- 
ness to report. In the case of special qualities, however, 
all demands cannot be supplied. Hematites are a diffi- 
cult market, and best West Coast qualities are priced at 
140s., with delivery here—a rise 4s. on the month. 
East Coast poss Sie Gane op upward tendency, the 
latest A= em. 3d., p mart as against 
126s. in March. ‘The latest markings of the various 
forge and foundry irons emphasise the fact that the 
situation in this respect is steadier than usual, for 
Savers are stil fe the Reon pesliten ef aading monet 
are in the happy tion i pt 
purchasers for all they are ais to a cy Soy 
sheets are again respectively quoted at 13/. 10s. and 204. 
Swedish supplies of steel and iron are nob 2! the 
advances a, ane prices are’ still v igh. 
Colonial and overseas business remains exceedingly le 
. a hema orders for steel, tools, saws, \- 
ears, 


quantities of twist-drills, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The great and growing 
scarcity of Cleveland pig-iron is causing considerable 
anxiety. Very little indeed is now purchasable for ship- 
ment to customers abroad, and the prohibition of exports 
to neutral countries, so as to allow home requirements to 
be fully met, is expected daily. Up to now home needs 
have satisfied, but production is inadequate, and 
the already very low stocks are being steadily drawn 
ag The export quotation for No. 3 Cleveland pig is 
f.o.b. No. 1 is fully 102s.; and No. 4 foundry, 976. 
For home consumption, No. 3 and all descriptions below 

that quality stand at 82s. 6d. 


Hematite Iron.—There is practically no East Ooast 
hematite pig on the market, and most makers have dis- 
posed of they can manufacture for the next three 
months. Fairly deliveries to France continue. The 
export quotation for Nos. 1, 2, and 3 remaine at 140s., and 
the price for home consumption still stands at 122s. 6d. 


Shipments and Stocks of Pig-Iron.—Under the condi- 
ditions prevailing, shipments of pig-iron from the port of 
Middlesbrough cannot be regarded as unsatisfactory. To 
date this month they amount to 18,82] tons, as com 
with a tons to the by date 7. my and 3985 
tons for the corresponding part o pril a year ‘ 
ae the only stock of pig-iron left is 45,920 
tons of Cleveland in the public warrant stores. i 
44,013 tons are No. 3, and 1907 tons other qualities 
deliverable as standard. Since the — of the 
month 10,919 tons of No. 3 and 471 tons o iron, 
making a total of 11,390 tons, have been taken from the 
stores. The stock is thus being reduced at the rate of 
some 1200 tons per working day. 

Coke.—Demand for coke for local use keeps good, and 
further business is reported at the arranged maximums 
for home consumption of 28s. at the ovens for medium 
blast-furnace sorts, and up to 30s. 6d. at the ovens for 
qualities low in phosphorus. 

Ore.—There is not much business passing in 
foreign ore, but deliveries on contracts keep good. "rhe 
ition is peculiar. The action of the Government has 
Frought down freights, and in the ordinary way in the 
open market steamers Bilbao-Middlesbrough can now be 
fixed at 23s., which makes the ex-ship Lees price of 
50 per cent. Rubio round about 40s., but consumers oe 
to manufacture iron for home use have the advantage o 
arranging Bilbao - Middlesbrough freight through the 
Government at 17s., which makes the ex-ship Tees price 
of best Rubio 34s. f.0.b. quotation at 
despatch, for 50 per cent. Rubio is 17s. Imports of 
Sereige cre to the Tess to date this month amount to 
87, tons. 


Ironstone Miners’ Wages.—At a meeting of the Cleve- 
land ironstone mineowners and tatives of the 


attention to in price -iron, 
and said that the miners felt they were entitled to a higher 
advance than that which accrued under the scale. He 
asked for an advance of 10 per cent. The chairman 
= out my according to oo ae had 
opted for a long time past, recent ascertain- 
ment entitled the men to an advance of 6.10 cent., 
whi raise wages to 58.10 per cent. above the 
standard. Mr. Dack intimated that he would have to 
consult the men in the district before effecting a settle- 
ment on the question, and consequently a further meeting 
mineowners and miners’ representatives was 
arranged for the 27th inst. 


Manufactured Iron and Steel. — Manufacturers of 
finished iron and steel keep busily employed, almost 
entirely on Government work, with the result that the 
numerous ordinary commercial inquiries in the market 
are still lected. Certain descriptions of manufactured 
iron have advanced and usual di its discon- 
tinued. Advances in other material is anticipated. At 

» principal market quotations may be put at:— 

iron bars, 13). 15s.; best 141, 2s. 6d. ; 

double best bars, 14/. 10s. ; treble best bars, 14/. 17s. 6d.; 
iron 


» 102. ; packing tapered 
Ti. 103.; iron niin 112. 10s. ; ny B . 


iron ship - 
138. 15s.; iron ship-rivets (#-in. diameter), 162. 10s. ; 
iron co pee (g-in. diameter), 17/. 10s.; steel bars (no 
test), 14/. ; steel ship-plates, 11/. 10s. ; steel shi 


Of this, | Den 


port of | ha 


represen 
miners, held at Middlesbrough this week, Sir Hugh Bell, 
presidi Deck, on bebalf of the men, | ° 








per share ; this is the third interim distribution for the 
nancial year ending June 30.—The directors of the 
I Colliery Company, Limited, recommend an in- 
= dividend of 74 per A. ae tax, payable April 15; 
corresponding interim distribution a year since was 5 
= cent.—The dvestees of the Ocean Coal and Wi 
imited, report that the profits available for distribution 
for 1915 amount to 302,654/.; a dividend of 10 per cent. is 
on the ordinary shares, free of income tax, making 
6 per cent. for the year ; a similar rate of dividend was 
maintained for the previous three years.—Mr. R. Wil- 
i po ge gl de Ba eds TC go 
manager the Mountstuart Dry Docks, Limited, has 
been elected to a seat on the board to fill a vacancy 
occasioned by the death of Mr. KE. Gunn.—The Mold and 

h Junction Railway Company gives the holders of 
its ‘‘B” debenture stock a dividend of 34 per cent. for 
1915; the corresponding dividend for 1914 was at the 
rate of 3 cent. ; judgment has been given in 
favour of London and North - Western ilway 
ae ae to the yy ae Se of . oe 1 
agreement ; an 4) against this judgment has, how- 
ever, been lod on the advice of counsel. 

Steam Coal.— All descriptions of Monmouthshire steam- 
coal are oo Sr booked that colliery owners are in most 
cases refusing further orders ; sellers of small parcels for 
April loading have been practically able to command 
their own terms. 

Tin-Plates.—During the next few weeks the tin-plate 
trade will be subjected to the process of dispensing with 
every available single man who can be spared for the 
Colours; this will put an end to short shifts, and will 
tend further to reduce the number of mills in operation. 
It is considered that the pooling system introduced a few 

ago, and regulated by periodical conferences at 

is proving beneficial to the trade, as by its 

operation prices have been kept steady, while orders 

ve been placed so that all works have benefited more 
or less from them. 





Press FoR Bauixe Licat Sree, Sorar.—An illus- 
trated description is given in the Jron Age of a new 
ing press built by Standard Pressed Steel Com- 
pany, of Ohio, Cleveland, for dealing with light and 
Iky scrap. The charging-box is 16 in. wide, 26 in. 
deep, and 42 in. long. In this, the material is compressed 
- : bundle slightly under 16 > square, . size -~ 
charging in open-hearth furnaces, and it weig 
from 180 Ib. to 400 Ib, 4 ing upon the kind of 


——_ The — ba pares ~~ ~~ 
0 horse-power. 1 occupies a floor space . by b, 
and develops about 14,000 Ib. ° 





OxyYGEN AND Hyproces ror SHIPBUILDING Yarps.— 
The National Ox-Hydric Company, of Chicago, have 
installed one of their electrolyser batteries for supplying 
5000 cub. ft. of oxygen and twice as much hydrogen 

24 hours in the yards of the Fore River Ship- 
Paildi Corporation at Quincy, Mass., United States. 
The t, which is ene 


comprises, says M. 
of 


asa alloy), and the way in which the conduits are 
kept of electrolyte (caustic potash of 21 per cent 
are not explained. are in 


the compressors and pipe-lines to take up the 
pulsation of the compressors, 
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THE PARODI PERISOOPE. 

WE illustrate in Figs. 1 and 2, reproduced from the 
Rivista Marittima, the periscope recently patented by 
Professor Parodi. In this peri , the Italian review 
states, no essential novelty is introduced from the 
optical point of view, except that a use is made of 
lenses of toroidal section. At the top of the optical tube 
a, which rises from the submarine, is fitted a total 
reflection toroidal prism }, so as to form 
both an achromatic converging lens and total refleo- 
tion prism, the curves of the various faces being deter- 
pam ge he ap as pau —_— t. - rays ye 
torcidal prism ret pass t a pair of plano- 
convex ensers c, which seslngess 1 beam 
extending to a converging lens, toroi 
which is added as shown at d. The image reflected 
by the toroidal prism passes to the lower end of the 
tube through the two plano-convex condensers ¢ and 
a converging lens marked /. 

A total-reflection toro-prismatic system, g, is fitted 
at the lower end of the optical tube, having its conical 
reflecting surface at right angles to the corresponding 


in shape, 

















surface of the upper toroidal prism. The novelty of 
the Parodi device is that the luminous rays from the 
horizon are so deviated that the image of the objects 
is given on a cylindrical soreen h P round the 
lower prism, as shown in Fig. 2. The screen repro- 
duces the whole horizon visible to the observer 

at i, and who views it through the cylindrical glass 
screen j. The image can be . The conditions 
of an observer who views the horizon direct are thus 
exactly reproduced, there being added the possibility 
of directing from the screen the principal problems 
relating to the course of the boat by combining the 
picture with a fixed index and the indications of a 
ee which are projected on the screen /, as shown 
in Fig. 2. 


The com marked k in Fig. 1, has a transparent 
card, and is fitted in the conical cavity of the lower 
prism ; it is lighted from the top, and there ie thus 
projected on the screen the entire , tien of the 

through the conical mirror / the annular lens 
marked m. The apparatus is destined to act asa 
ar ge me but it can act also as a periscope by 
simply placing in front of the lower prism g a simple 
and ay emg re rotary ocular device. 

The Italian journal from which we quote cannot 
vouch for Professor Parodi’s ‘‘oloperigraph” being 
found in everyday practice so simple perfect as it 
appears at first glance. It believes that the great 
difficulty will be a lack of light for a clear direct sight ; 
in regard to this it should be noted that the im are 
projected inside a kind of dark chamber, cylindrical in 
shape, limited by the screen, and are thus viewed under 
very favourable conditions. 





Sregt Propvucrion or Avustria-Houncary, 1915.—The 


te production of steel in Austria-Hungary and 
Wed declan lack pene was ob Guns 





Tons 
Austrian works 1,978,802 
—— ” 267 
Bosn ” 19,167 
2,686,226 





MICHELL JOURNAL BEARING. 








Fig.1. 


(ree) 


Tue Michell principle has proved so extraordinarily 
successful as applied to thrust-blocks that there has 
naturally been a strong inducement to extend its 
application to ordinary journal bearings. The bearing 
which is illustrated in Figs. 1 and 4, above, shows 
@ very. interesting instance of this further develop- 
ment of the Michell principle. The bearing repre- 
sented has been applied to two circulating pumps at 
the Newport Power-Station, Melbourne, Australia. 
These pumps were made by the G. Weymouth Pro- 
prietary, Limited, of Melbourne, and are of 220 horse- 
power, the shaft speed being 490 revolutions per 
minute. 

As will be seen from Fig. 1, the shafts are vertical, 
and, as is well known, satisfactory lubrication is in 
such case a matter of some difficulty owing to the 
tendency of the oil to run out at the bottom. In the 
bearings illustrated, however, this difficulty is com- 
pletely overcome. There is a definite oil circulation, 
which is maintained by the rotation of the shaft, and 
leakage of oil entirely prevented. The journals have, 
we are informed, been running with great satisfaction 
for some months. 

Referring to our illustrations, it will be seen that 
the shaft A is surrounded by four splints or brasses 
B, the design of which is shown in detail in Figs. 2 
and 4. The ribs or projections shown on the back of 
these splints are turned to a spherical surface, but, 
as indicated in Fig. 4, this surface is cut away one- 
sixteenth clear on the side of the leading edge of the 
splint, so that when in position the brass can tilt s 
little to facilitate the entrance of oil between the 
lubricated surfaces. The lower ends of the splints 
are also turned to a special surface struck from the 
same centre as that to which the ribs are turned. 
The splints rest by these spherical surfaces on the 
housing C of the beatae A hollow cone D is screwed 
down on to the ribs of the splints, holding them in 

ition as indicated. By screwing this cone up or 
own, the oil clearances between the brass and 
journal surfaces can be adjusted. It will be seen 
that by this arrangement the bearing is set up 
towards the centre of the shaft from four directions, 
a of from two, as with ordinary two-part 


The lubricating oil draining from the bearing falls 
into the cup G, which is keyed to the revolving 
shaft. Dipping into this cup is a nozzle J, and the 
oil carried round y Bsc rotation of the cup rushes 
up this nozzle and through the passage E to the top 
of the bearing, whence it is distributed through the 

K. The amount of oil pumped can be controlled 

y screwing up or down the set-screw shown at F. 
A continuous circulation of oil between the rubbing 
surfaces is thus secured. 


Mr. Michell’s tative in this country is Mr. 
H. T. Newbigi M.LC.E., 3, St. Nicholas Build- 
i N -Tyne, to whom we are indebted 
for the foregoing particulars. 











rr 


| 











--- S96 ------h 


654 
— 
































We-------------- 
+ 











OETAIL OF BEARING 
SPLINTS 8. 





THE LOAD-LINES OF MERCHANT SHIPS: 
WORK OF THE LOAD-LINE COMMITTEE 
(1915).* 


By Srm Pamir Warts, K.C.B., F.R.S., LL.D., 
D.Sc., Hon. Vice-President. 


THE question of the maximum depth to which vessels 
should be loaded is one which is of continual interest and 
importance to shipping and commercial communities. In 

t times many attempts have been made to regulate the 
Repth of loading by means of more or Jess fixed rules, and 
when a comparatively uniform type of sailing vessel was 
all that had to be provided for, the application of such rules 
was simple and the results obtained fairly satisfactory. 
But with the introduction of steam 
ment of different types of ships, the problem of framing 

which wo’ vent overloading without 

undue interference with ie became so difficult that for 

many years it was held by many to be incapable of a 

sa tory solution. But, slowly, by patient investiga- 

tion and the collation of data based on sea experi- 

les hich found — os a of he 

inci whi ex ion in the report of the 
Rret Load.Line Committee Tn 1885. 

At various stages in the history of the subject, valuable 
papers have been read at our meetings, and now that the 
report of the latest Lead-Line Committee, of which I had 
the honour to be chairman, has been issued, it is but 
fitting that we should again consider the question in the 
light of that report, which in some respects marks a new 
de in 7 oe the subject. : 

+ is desirable in first place to glance at the history 
of the assigning of and the marking of load- 
lines, in order to understand the successive steps which 
nove a and rightly to appreciate the new report 
on su 

The first record of a load draught of water assigned as 
the practical limits consistent with safety was made in 
Lloyd’s Register Book in 1774, but how this draught was 
calculated isnot known. The record was, however, main- 
tained for 60 years. -Early in the last century the rule for 
freeboard in merchant vessels was from 2 in. to 3 in. per 
foot of depth of hold. Underwriters are so deeply 
interested in the loading of vessels that it is not surprising 
to find that what was, perhaps, the first attempt to 
tegaiate the depth of ading by a fixed rule was due to 

i loyd’s proposed about the 

1835 that a freeboard of 3 in. per foot of depth of 
as a guide of safe loading ; this 
r male ul thas dieoimnion 

Such a rule did not, permit jiscrimina- 
different types of ship which to-day is 


more serious attempt to regulate the loading was 
made by the Li | underwriters about the same 
based on a rule of so many inches per 

unlike ‘‘ Liloyd’s Rule,” it 

2} in. per 


wer and the develop- 


z 


vessel from e 

depth, to from 33 Se penis Of frome 98 tt 
to in. to 4 in. for 

26 ft. in depth. And, moreover, in applying the rule, 





* Paper read at the Institution of Naval Architecte, 
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regard was had to most of the features and conditions | been going on. In 1873 the Government inted the 
considered in modern practice, such as age and class, | Royal Commission on Unseaworthy Ships, one of the 
dimensions, su ctures, sheer, and season of the | questions brought under its consideration was the “ load- 
year. Under this rule the larger vessels were not per-| line.” In their final report, issued in 1874, the Commis- 
mitted to load nearly so deeply as in later practice. sioners said that they could not prescribe any universal 
It should be mentioned that the old system of tonnage | rule for the safe loading of all merchant ships, and that 
measurement known as ‘‘ Builders’ Measurement” caused | an Act of Parliament enforcing any scale of freeboard 
the forms and proportions of cargo-ships to approximate | would be mischievous. They recommended, however, 
to a uniform type, in which the length was about 3} times | that ‘‘ every merchantman should have marked on each of 
the breadth, and the depih about three-quarters of the | her sides, amidships, a vertical scale of feet downwards 
breadth, and to this class of vessel the application of the | from the edge of her main deck,” and that ‘‘a note of 
simple rule of so many inches of freeboard per foot of | this reading should be entered in the log-book after the 
depth of hold appears to have given fairly satisfactory | vessel has received her full load, — before the 
results. The adoption, however, of Moorsom’s system of | time of her starting on her voyage, and should, wherever 
tonnage measurement in the Merchant Shipping Act, | practicable, be left with the officer of Customs, or with 
1854, ne oe oe yy build vessels zak this ™e] poe Cee, | by whom it a 
type, and cargo ships soon to vary materially in i ission was sitting i t 
roportions according to the trades in which they were to| the Merchant Shipping Act, 1873, which consten thet 
ap the amount of clear side and draught of water which a 
With diversity of type, the depth of ya bmg no | vessel had at the time of leaving port should be recorded, 
longer be regulated by any simple rule of free , and | and provided for the detention by the Board of Trade of 
it became necessary, in order to arrive at correct results, | overladen and improperly-laden vessels. Then followed 
to give careful consideration to the special characteristics | the Merchant Shipping Act, 1875, which contained pro- 
of each type, including differences in construction and | visions . ry e loading of ships that have remained 
superstructures. in force till the present time. The position of the deck- 
n various quarters the loading of these new ships | line was to be marked on the sides of all ships, and the 
attracted considerable attention, and, as might have been | owners of fescign-guine vessels were required to mark a 
expected, there was a great diversity of opinion as to| circular disc on sides of their ships, showing the 
the proper depth to which they should be loaded. The | maximum draught to which they claimed 0 load, to 
London Salvage Association called the attention of | record the distance between the centre of the disc and 
owners and masters to cases in which vessels were loaded | the deck-line before clearing at the Custom House, and 
deeper than 3 in. of freeboard per foot depth of hold. | to insert this record in the agreement with the crew. 
Vessels carrying Government stores were required to| This Act was only to remain in force one year, and 
confine their loading to this rule. Emigrant ships were accordingly, in 1876, a larger Act was passed, in which 
allowed to have a freebeard equal to only one-third of | these requirements were confirmed, and the compulsory 
their draught of water, while vessels carrying troops were | mark of the dise extended to include all British vessels, 
uired to load to a scale of 34 in. to 4 in. per foot depth | except these under 80 tons register, engaged exclusively 
of hold. in the coasting trade, fishing-boats, and pleasure yachts. 
‘oo of freeboard frequently arose in one way| It must be borne in mind that, although the disc men- 
and another, but no definite proposal appears to have| tioned above was a mark required by Statute to be 
been made until 1867, when the Institution of Naval | affixed by the shipowner on the sides of his vessel, its 
Architects forwarded to the Board of Trade a re re- | position was determined by the owner entirely at his own 
specting the construction, equi t, and free’ of | discretion, and it only represented the draught of water 
ships, which was presented to Parliament in 1870. to which he might, without breaking the law, load his 
As regards free . the Institution strongly recom-|ship. It might be, and often was, placed in a position to 
mended in the following terms that a certain minimum | which the owner never intended to load his ship. Pos- 
of freeboard should be required :— sibly it was sometimes placed in # position to which the 
“There is a minimum height of freeboard which | vessel could not be loaded without serious risk. 
cannot be safely reduced in sea-going ships of ordinary | _ The power to detain overladen ships was given to the 
fitment, and it is desirable to fix this minimum height, | Board of Trade in the Merchant Shipping Act, 1873 ; but 
Freeboard should be understood to be the vertical height | in attempting to use this power the need for certain well- 
of the upper surface of the upper deck (not spar deck) defined rules for the guidance of the surveyors soon mani- 
at the side, amidships, above the load-water line. The | fested itself, and the Board of Trade found it necessary 
proportion of freeboard should increase with the length. | %© obtain assistance in formulating such rules. They 
One-eighth of the beam is a minimum freeboard for | sccordingly arranged a conference in 1875 between their 
ordinary sea-going ships of not more than five breadths | own officers and representatives of Lloyd’s ter and 
to the length, and jj of the beam should further be | the Liverpool Underwriters’ Registry for Iron Vessels to 
added to the freeboard for each additional breadth | Consider the matter. The conference broke up without 
in the length of the ship; this would give: — For a| Coming to definite conclusions on some of the points it had 
ship of 32 ft. beam and 160 ft. long, 4 ft. freeboard. | bad under consideration ; but it carried resolutions em- 
For a length of 192 ft., 5 ft. freeboard. Fora length of | bodying recognised fundamental principles necessary to 
224 ft., 6 ft. feeeboard. For a length of 256 ft., 7 ft, | be considered in dealing with the load-line question, such 
freeboard, the beam remaining the same; but, as the | 45 the following :— ; 
addition of a spar-deck on long vessels may be con-| (1) The construction and strength of the ship as a 
sidered an equivalent or substitute for the increased free-| whole. (2) The ratio cf the enclosed space above the 
board required for extra length, a complete spar-deck | water-line to the space below it. (3) The form and pro- 
— ~~ I mane of these extra lengths at the ates all = A. her hors} = the nase Ran 
origi eight of 4 fo. scantli er ti ? assum e ship - o 
“* It is not considered desirable to offer any recommen- | be a strong, well-built, flush main-decked ship of avert range on some ed pa & a 
dations with regard to poops and forecastles. It must | proportions, property stowed, fit to carry dry and fers be: 44 18 question o a the ben ——< ibera- 
depend entirely upon the professional judgment of the | able cargoes to and from all parts of the world under all San ted been A id vable it atone 
designer of a ship whether, looking to her peepertions, circumstances of wind and weather. (5) That freeboard | C64 A non another at considerable inter as 
form, and purpose, the additions of and forecastle | is height of platform above water-line. (6) That in the result of mature experience. 
are expedient and safe. In general, where poops and | larger class of ships and steamers height of platform is of 
forecastles are adopted they sheuld be and sea-| importance, whatever may be the spare buoyancy of the 
worthy, but their weight may be inexpedient in long, fine a . 
ships, and dhhes eno camnn Whene & ight top-gallant fore- n 1882 the Board of Trade, in order to give some 
castle (7.¢., an open forecastle rai above the level of | guidance to their surveyors, pre Tables of Free- 
the upper deck) may be useful in keeping heavy seas out , which were given to them for general information, 
of the ship. In general, spar-decks in long ships are | but not as final decisions of the Board of Trade. These 
preferable to p and forecastle, and no diminution tables did not command universal approval, and, in the 
freeboard should be allowed for a poop or forecastle.” circumstances, the Board of Trade appointed in December, 
. In 1870 what was known as the spar-decked vessel was | 1883, the first Load-Line Committee to deal with this 
introduced, with lighter scantlings in the upper or spar-| important subject. This Committee was pene gon | 
deck portion ; and as the seaworthiness of these vessels | representative of the interests concerned, and cai out 
was greatly influenced by the depth to which they were | complete investigations of the various questions involved. 
loaded, Lloyd’s Register found it necessary to insist on a | They reported in August, 1885, that it was practicable to 
minimum freeboard, measured from the main or middle- | frame general rules concerning freeboard which would 
deck stringer-plate to the water-line, of 14 in. for every | prevent overloadi without unduly interfering with engeretiy accapted by the —_ maritime Powers. 
foot of depth of hold, from the top of the floor-plates to | trade, and submi tables, which had been in the main} The it duty of the mittee was, therefore, to 
the upper side of main or middle-deck beam. In the by Lloyd’s Register, giving the maximum | determine whether there was any evidence which made 
following year, however, spar-decked vessels began to be ing which could be permitted in cargo-carrying |i i from the freeboards 
built with much stronger upper works, and this restric- | vessels. 
tion was accordingly withdrawn. These tables were adopted by the Board of Trade, and 
In this year (1871) a Merchant Shipping Act was ood Londra Teor men of owners the Board of Trade 
passed, in which provision was made for the marking of | and Lloyd’s i load-lines to vessels in | ti 


& scale of feet showing the draught of water at the stem i r i 
losses of ships and men ; (b) WEY werden ey of 
the behaviour of vessels at sea ; (c) the experience of the 































these bodies. To complete this review of the position 
before the intment of the Committee over which 
I have ided, I should refer to the modifications made 
in the Tables of Freeboard since the passing of the Act 
in 1890. 


These modifications were in some cases necessary on 
account of the evolution of new types of vessels, and in 
others yy be account of experience gained in applyi 
the rules. oe ge modifications were made in 1 
and in 1906. In the former year a Committee was 
appointed for dealing with the questions involved, and, 
on its recommendation, the of Trade modified the 
Tables of Freeboard with regard to the Winter North 
Atlantic Freeboard, made provision for larger vessels than 
those previously provided for, and for so-called turret- 


would be necessary, but tly sufficient care had not 
teen taken bain sed aiaiin thnk cearnees in 
t so desirable in wi com 
subject—the assignment of freeboards to all kinds and 
conditions of ships. Moreover, it was doubtful whether 
the tables were fair and just to vessels of types different 
from those in existence when they were framed. It was 
therefore inevitable that a substantial revision should be 
made, especially when it was found that other maritime 
nations were considering the question of compulsory 
load-lines. When, therefore, the German Tables af Free- 
board, based upon the British rules, were issued in 1 
the movement towards revision took definite shape, an 
the various authorities entrusted with the duty of assign- 
ing freeboards to vessels set to work. On their recom- 
mendation the Board of Trade, in 1906, revised the Tables 
of Freeboard, which had been in use for over twenty years. 

The general effect of this revision was to allow vessels 
having superstructures which cover more than half the 
vessel's length, and which comply with more ~ 
requirements as to strength and seaworthiness than those 
previously laid down in the old tables, to load somewhat 
more deeply than was permitted under their old tables. 
of the lnaga proportion of the length ef the versie covered 

e pro e vessels cov 
with deck erections, and of the efficient means for closing 
the openings in weather-decks. 

This revision gave rise to the agitation of a few years 
ego during which statements were made to the effect that 

reduced freeboards permitted by the revised rules 
had led to increased losses of ships and men. It is pos- 
sible that, in part, at any rate, this agitation led to the 

intment of the latest Load-Line Committee in 1913. 

main reason for the appointment of the Committee 
was, however, the fact that so many maritime Powers 
had followed the lead of Great Britain, and made the 
morting. of load-lines com , that it was very desir- 
able to formulste a set of rulés which could be adopted 
as international rules. The advantages of an inter- 
national load-line to the shipping and commercial interests 
of the world are obvious, the me maritime 
Powers accepted an invitation to an International Con- 
ference on Load-Line, to be held in London. If it had 
not been for the war, that conference could have been 
held some months ago. 

In concluding this review of the history of the load- 
line question, I cannot help remarking on the gradual 
= tobe of the rules and regulations on the subject. 
: tever may be said about. hasty and ill-considered 


Tue ConsTITUTION OF THE COMMITTER. 


The reference to the Load-Line Committee appointed 
in April, 1913, was to advise the Board of je as to 
the attitude to be adopted by the British representatives 
at the International Conference, and for that verges to 
Sener ip wae) serpoctn, ony, Cho entets Ta of 
Freeboard required further revision in the light of the 
experience gained since the revision made in 1906. The 
work of the Committee was therefore of a twofold 
nature—viz., the preparation of rules suitable for inter- 
national and an investigation of the basis 
on which such rules should be formulated. It was implied 
in the reference that the working basis should be the 
then existing Tables of Freeboard which had already been 


with them. For nearly five years this con- 

and stern-post of vessels, and the Board of Trade were | dition of things continued, but there was no statu 

empowered to appoint persons to retord the draught of | obligation Sag ew shipowners to have their v our | at 

water of all sea-going ships, as shown by this scale of feet with load-lines in accordance with the tables. | various “y -59—~ authorities. 

when leaving port. The working of the tables was, however, footy Taking casualties to steamers from all causes for 
About 1873 awning-decked vessels came into existence, | acceptable, and at the end of this period—in 1890—the i 

having a continuous deck constructed above the main | Merchant as Coe Act was passed, mak 

deck of much lighter scantlings than the main portion of | it compulsory for load-line disc to be fixed in - 

the hull ; and to prevent the overloading of these vessels, | ance with these tables. Provision was made in the Act 

Lioyd’s Register made their classification conditional on | enabling the Board of Trade to appoint authorities to 

® maximum load-line being fixed and marked on the onige load-lines to vessels on their behalf, and to modify 

sides of the vessels. This was the first instance of the | the Tables of Freeboard from time to time as might be 

marking of fixed load-line being required by any public | found necessary. The Board appointed Lloyd’s Register, 

body, and the marking adopted was a diamond with a bar | the Bureau Veritas, and the British Corporation for the 

st each end, and the letters “L” and ‘“‘R” (meaning | Survey and Registry of wy od to assign freeboards to 

Lloyd’s Register) above the bars. vessels on their behalf, and time to time they have 
Io the meantime the famous Plimsoll agitation had | modified the Tables of Freeboard in conjunction with 











35° 


ENGINEERING. 





[APRIL 14, 1916, 








that the annual percentage number of men washed over- 
board and drowned from steamers had diminished since 
isi tables. Further, each case of a 


two : 
after the revision of 1906, and those in which the free- 
was al under the revised lations. Beyond 
this brief sum , I do not think that it is necessary 
made in odor to investigate the gonera oufcancy of the 
ein order to investi suffici 
freeboards assigned er the existing rules. 

The Committee found that there was no evidence to 
indicate that was a dominant factor in causing 
the losses, and that the revision of the Tables of Freeboard 
in 1906 cannot be regarded as having caused an increase in 
such losses. They also came to conclusion that, on 
the whole, the freeboard allowed by the revised tables, 
as now in use, is quite sufficient to ensure the safety of 
vessels, although in some cases are leas comfort- 
able, owing to a greater liability to ship water on the 
weather-decks. 

In view of such conclusions it was obvious that the 
existing Tables of Freeboard would form a good basis for 
any rules which could be put forward as suitable for 
internati acceptance. Committee therefore 
entered upon their second duty of the preparation of new 
rules, in view of the object to be attained—viz., that 
of international agreement—they considered it necessary 
to review the whole = anew. Since it is obvious 
that a vessel must not be ied so deeply that she will 
be rendered unsafe, either through insufficient reserve of 
buoyancy, quite apart from strength, or through insuffi- 
cient strength, quite apart from reserve of buoyancy, the 

uestion of free allowance may be divided into two 

istinct parts:—({a) The amount of freeboard which can 
be safel i u the assumption that the struc- 
ture of vessel is sufficiently si ; (b) the standard 
of —p which should be requi in order that a 
desired freeboard may be allowed. 

For convenience it is desirable to differentiate between 
what may be called the ‘geometric freeboard” —that 
basses open the dimensions and form of the vessel 
—and the freeboard determined by considerations of 
strength, so as to ensure that the vessel would not be so 
stressed as to overtax her s' The standard of 
strength hitherto required has been different in various 
orien deine Shonae fe aoe tae 
oO oyd’s i o ipping for the year ; the 
French standard is the current rules the Bureau 
Veritas ; while the German standard is the current rules 
of the Germanischer Lloyd. 

Although it would have been possible to adopt, more 
or less, the existing procedure respecting the assignment 
of the geometric free! to international requirements, 
there was considerable difficulty in the formulation of a 
my s strength which —_ be acceptable ~~ a 
natio’ reeboard purposes. It was necessary for 
Committee to break new ground in this direction, and a 
sub-committee was appointed to deal with the matter. 
The work of the sub-committee was of great interest and 
importance. So far as strength is concerned, work is 
separately considered in a paper to be read to us to-day 
by Mr. W. 8. Abell, the chairman of the sub-committee, 
and I shall only refer to the broad principles involved. 

The two main divisions of the subject of a— in 
relation to freeboard deal with longitudinal s' and 
with transverse strength. As the former, the 
following conditions were taken account of :—(1) Stiffness, 
or the ratio of the length of the vessel to the depth of the 
vessel up to her strength deck ; (2) the resistance to 
bending defined as a longitudinal modulus of resistance; 
(3) the capacity of the vertical ee to resist the shear- 
ing forces, which capacity is measured by the thickness of 
~~ apa dy BL ~~ ible fi -~ of the side 
plating by ing, due to insufficient sup 
which involves the i afetlen Weoween the thickness of side 
plating and the spacing of the transverse frames. 

The question of transverse s' lh was considered so 
far as the information available admitted. Consideration 
was given to typical ships of various lengths and of 
various ratios of =, of vessel to the depth of vessel up 
to strength deck. 1 these typical vende wens assumed 
to have what is very common—viz., a beam of 10 ft., 
plus one-tenth of the length of the vessel. Two leadi 
= were considered—viz. (1) the flush-deck vessel an: 
(2) the leve-superstructure vesse!. 

_ Detailed rules framed on the results of these investiga- 
tions were formulated, and appear in Appendix II. to 
the report. 

At the present time the assigning authorities have 
rules under which, if a vessel hes not the full scantlings 
set out in their tables corresponcing to the dimensions of 
the vessel, she is com: ee tn Gonna © higher nasignanent 
of freeboard than if had those full scantlings. Many 
vessels . in carrying goods of a bulky and light 
character, in which internal capacity rather than dead- 
weight capacity is the main object of the design, have 
free 8 and scantlings on this basis, and this 
is more particularly the case w such vessels have to 
trade bo ports where the depth of water available is limited. 
The rules now formulated deal with this matter moreclearly 
and conveniently than those hitherto in use. As regards 
strength, the present rules deal mainly with longitudinal 
8 _ The proposed rules take account of transverse 
strength in a manner more conveniently admitting of 
quantitative application to the assi t of freeboard. 

T may mention, as a matter of historical interest, that 
on account of the greater spacing of transverse framing 
adopted in His Majesty’s ships than is usually the case in 








merchant ~~ question of the stiffness of the skin- 
= in relation to resistance to ing has always 

the subject of close investigation at the Admiralty. 
A occurred in the case of H.M. ships 


3 a 
occur the buckling ting, even though the 
— from buckling, alebt be adequate to resist 
longitudinal stresses. ; wary 
Returning to the geometric freeboard, it will be re- 
membered 4 all interested in this question that the ordi- 
nary assignment of freeboard, as at present made, takes 
no account of internal water-tight subdivision. The 
My eo es oe 
to reserve yancy . tb 
was therefore apparent to the ae that some 
tions were necessary in respect e protection 
of the various vulnerable openings in the weather-decks 
and sides of the vessel and in the different classes of 
superstructure for which a freeboard allowance was given. 
The examination which was made of the casualties duri 





0, 


were several points which, although not 

importance, yet with advantage could be rede- 

restated in order to prevent any ambiguity of 

and to obtain simplicity of measurement. A 

brief réswmé of these modifications may be of service. 
The Committee that :-— 


reeboards. 

(b) The tabulated freeboards shall be measured from 
the top of the actual deck at side, whatever may be the 
of the deck, whether wood or steel, and not from 
an assumed wood deck at side, as in the present tables. 

(c) The tabulated freeboards shall correspond to a 
standard sheer for both flush-deck steamers and vessels 
covered with a complete superstructure. 

(d) Such s sheer shall be greater for flush-deck 
steamers without forecastles than for the same type with 


forecas ; 
al’ The standard sheer forward shall be twice the sheer 
. 


(f) There shall be a minimum standard height of super- 
structure necessary to obtain a full freebo: wance. 
(g) The freeboard shall be determined with reference to 
the displacement block coefficient instead of the coefficient 
nT ee, Be nano a the under-deck scamege. p 
wances for special geographic an: matic 
conditions shall be simplified. 


! 
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COMPARISON OF FREEBOARDS. 
> 4, 13-33. 
VESSE. VING PERSTRU RES . 
O SaeERIN GS TENGE HAV NG IANaMeD 
Full Lines -Proposed Tablas. 
- Dotted Lines ~Prasent Tables. 
FREEBOARDS ALL FROM TOP OF STEEL DECK. 
ti\- | | 
“30 100" 150" 200" 250" 300"_—«350" 
(4127) Length 


the fourteen years already mentioned indicated that 
some 20 per cent. of the vessels which foundered aye | 
the iod referred to were lost owing to the entry o! 
water through hatchways and ventilators. 
As a result of these considerations, it was decided that 
@ separate section of the rules should be set apart to deal 
with this phase of the subject, and should relate to the 
proper —s of machinery casings, openings in weather- 
and sides of vessels, freeing porte, access to various 
spaces, and the safety of the crew. These particular 
regulations were named ‘‘Conditions of Assignment of 
Freeboard.” Compliance with them does not affect in 
any way the main construction of the vessel, and ean 
be made at little expense. It was not considered reason- 
able to recommend a small addition in freeboard as com- 
tion for a known weakness in, say, the support to 
-covers, as such weakness might prove d us, 
or perhaps fatal, even if associated with a considerable 
increase of free . The Committee felt strongly the 
need for these ‘“‘Conditions of Assignment,” and they have 
recommended that these requirements might, with advan- 
tage, be adopted for Briti tice in the immediate 
future. For new vessels very little alteration or addition 
would be required. 
In the course of the examination of the various details 


relating to the present assignment of freeboard, certain 
defects or inequalities of treatment have ted 
themselves. These differences may be divided into two 


main parts. The present rules allow very low 
boards to be assigned to small flush-deck vessels. Al- 
it is certainly true that there are very few 
steamers of this class, yet it was ascertained that in many 
fishing vessels the actual freeboards found necessary by 
which an a coiguing saaetkerlig wothiine soquloel teommame 
w an ing au ity wou required to 
As the Tables of board are minimum requirements, 
and as the effect of legislation and commercial competition 
is to tend to compel every one in process of time to work 
to minimum requirements, it was deemed desirable to 
increase the tabular requirements for small flush-deck 
ships. This modification does not in general affect vessels 
of about 250 ft. in length and above. The existing rules 
allow of preferential treatment to some extent for par- 
ticular types of vessels, while there are also anomalies in 
the rules regarding the allowances for ee in 
respect of closing of openings in bulkheads by ap- 
i of a portable and tem character. T 
mittee considered it desi for international pur- 
poses to remove such inequalities and to 


‘he | which is 40 





procedure in order to obtain equitable treatment. 


* 





400' 450 500 


The other principal modifications proposed mainly 
arose from the desire to provide equality of treatment for 
the various types of vessels which are differentiated by 
the nature, extent, and disposition of the su tructures. 
It can readily be seen, vided suitable factors be 
chosen, that the free for a vessel with detached 
superstructures may be derived from the allowance that 
is given to the same vessel when s complete superstruc- 
ture is provided. uently it was decided that the 
Table of Freeboards should be laid down for a flush-deck 
vessel, and that..the allowances for a complete super- 
structure above the flush-deck should be added to the 
same table. It thus became necessary to lay down two 
standards from which the geometric freeboard for any type 
of vessel might be obtained. These standard vessels are 
termed the standard flush-deck steamer and the standard 
complete-superstructure steamer. The characteristics of 
these s' types are defined in separate clauses, 
which regulate the ratio of the length of the vessel to the 
depth of the vessel to freeboard deck, the shear, round of 

and height of superstructures. The manner in 
which the freeboards for vessels with detached superstruc- 
ture are obtained from these two standards is of some 
interest. It is desirable that the allowances should take 


i of— 
fa) The total length of the flush deck, which is covered 


by su tructures, since, other thi being the same, 
Goasite of dep length enveved to the of the vessel 
should give the proportion of the full superstructure 


allowance to be taken. ’ 
(6) The manner in which the superstructures were dis- 
. since, ¢.g., ® forecastle of a given length affords 
tter protection and involves better sea-keeping proper- 
ties than a povp of the same extent. ; 

(c) The —_ of es a = for ae the 
openi in the en o e su ctures, 
7 ec ae steel door permanently atteched and suitably 
framed is, of necessity, less likely to fail than the same 
opening closed with wooden shifting boards. 

The disposition of the superstructures is taken account 
of by means of what is termed a ‘type factor.” This 
factor, with some classes of superstructures, for instance, 
“Three Island Vessels,” remains constant whatever the 
total length covered. On the other hand, comparing the 
case of a combined bridge and poop, having collectively 
three quarters of the vessel’s length, with only a poop 

cent. of the same it is reasonable 


to assume the type factor be greater for the 
former type of superstructure than for the latter, The 
highest value of type factor is given to that disposition in 
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which the bow, the waist, and the stern of the vessel are all 
protected, and the omission of superstructures at any one 
of these positions results in a decreased value of greater or 


less degree. 
The nature of closing appliances for the end bulkheads 


of superstractures is account of by “‘the effective 
length ratio,” which is given in a separate table. This 
table is based on the assumption that any detached super- 
structure can be described as either a forecastle, a bri 

& poop, or any combination of any two of these three 
classes. If Class I. closing liances are provided, the 
effective length is taken as the actual length ; while for 
Class II. appliances is @ reduction of 20 
per cent. The case in which the bulk has no closing 
appliances is treated on the same footing as a case with- 
out bulkheads at ali. With these two tables, the allow- 
ance to given for any possible grouping of detached 
superstructures can be exnressed as equal to the product 


f.r.d, 
—— f . the type aan, r is the ratio of om of = 
effective lengths o superstructures to length o! 
the vessel, and d is the reduction in freeboard allowed for 
the same vessel with a complete superstructure. 

It might have been expected that the alteration in pro- 
cedure detailed above would have resulted in considerable 
differences in freeboards from the practice which at pre- 
sent obtains. In order to examine the extent of such 
variations, a rather elaborate series of di 

are attached to the report of 
These diagrams clearly indicate that the divergencies 
the proposed ure are much less than might have 
been ex and, generally speaking, such differences 
as occur are largely due to favourable considerati 
which was formerly shown to one or more particular types. 

It is not necessary to reproduce these diagrams here ; 


Committee. 


of completeness of record, Fig. 1, | PY 


but for the 
age 350, wil it ustrate the nature of the com 


parison 

tween the proposed procedure and present practice for 
—— — 2 su tures covering 70 per cent. 
the of the 


Ib be seen that, where Class I. closing appliances 
are used, the new freeboards will be (1) the same as the 
present freeboards at a length of about 375 ft., and (2) 
slightly increased for shorter vessels. On the other hand, 
if the end openings of the superstructures have onl 
Class II. closing appli the free will in 
cases be ter than those at present adopted. 

It will be noticed thatin places my remarks are to some 
extent paraphrases of sections of the report of the Com- 
mittee. This has been inevitable, as my present object 
has been to put the matter in a form convenient for the 
purposes of our Institution. In conclusion, I may say 
that, if anyone will compare the new rules proposed b 
the Committee with those at present in operation, I think 
he will agree that a greatadvance has made in clear- 
ness of expression, and that the procedure for the assign- 
ment of freeboard has been greatly simplified. 





Tue Royat Sanitary Instrrute.—A Conference on 
Sani Administration under War Conditions will be 
held in London, June 9 10. The Conference will be 
opened by the Right Hon. the Lord Mayor of London 
(Sir Charles C. Wakefield, Kt ), and a discussion on “‘ The 
Maintenance of the Stand of Municipal Sanitation 
during the Continuance of War Conditions,” will be 
opened by Mr. H. Percy Boulnois, M. Inst. C.E., and Mr. 
James Wheatley, M.D., D.P.H. Saturday, June 10, 
at 10.30a.m., a discussion on ‘‘The Mental Deficiency 
Act from the Social and Educational Standpoint,” will be 
opened by Mr. A. B. Ritchie, M.B.,C.M. Edin., Medical 
Officer, Manchester Education Committee. 





NoTrrincHAM AS AN INDUSTRIAL CenTRE.—A booklet 
giving an account of the history, present condition, and 
future — of Nottingham has recently been officially 
issued by the Corporation of that city. Special attention 
is directed to its many advantages as a commercial and 
industrial centre, and also as a place of residence. 
Numerous sites are available for the construction of fac- 
tories and commercial buildings, and this fact, together 
with its exceptional facilities for railway and water 
transport, for the supply of cheap fuel and power, and 
other important advantages from an industrial point of 
view, should be carefully considered by manufacturers 
desirous of extending their businesses or intending to 
undertake the manufacture of products formerly sup- 
plied by enemy countries. 





Tue Maxine or a Big Guy.—An ey ony J dis- 
course on “* The Making of a Big Gun” was given by Dr. 
W. Rosenhain, F.R.S. Sepesetendont of the - 
lurgical Department of the National oF ge Laboratory, 
before the Faraday Society, on April Dr. Rosenhain 
dealt with his subject as exemplifying the ways in which 
the biggest masses of metal wanted for any purpose 
are being teemed, shaped, hardened and tempered, and 
finally pat to use, illustrating by slides the changes which 
the treatment effects in the structure of the metal at 


different stages. His kinem ictures took his 
audience from the blast ference taetei ol parts of the | Ii 


gun works. The photographs, he explained in his intro- 
nth rnhr of 113-14. Tn propo te vote of thank 
n the win n vote o 

Sir Robert Hadfield, F.R.S., vailint of the Faraday 
Society, referred to the performances of modern guns and 
Projectiles, adding the significant statement that the 
average active life of a lern gun—+.¢., the sum of the 
Periods elapsing between the moment of firing _—— 
and the moment in which the projectile leaves the muz: 
~did not exceed three seconds. 


were pre- | P; 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


‘ We give below a few data a. ye Rogge ot) 
engineerin; jects, en m 1) 
Trade Journal. Further information on these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.O. 


Australia : The Office of H.M. Trade Commissioner for 
Australia has forwarded a copy of a specification, &c., in 
connection with a call for tenders by the Commissioners 
of the Victorian Government Railways for the supply 
delivery, erection of a 2 ton yo ener ag = 
goods-elevator at the car-shed, Jolimont, bourne 
agar aE as Bema Bena be ay at the 

ces 0! ictorian Railway missioners, - 
street, Melbourne, up to 11 a.m. on May 17. ‘Tenders 


must be accompanied by a prelimi deposit of 
cent. of the amount of the offer. Bann ne ne Ve 
necessary. 

Portugal : The Diario do Governo, Lisbon, notifies that 
tenders will be received at the Di dos Caminhos de 


Ferro do Sul e Sueste, Lisbon, for the construction of a 
railway station at Alcdcer do Sal, on the Sado Railway. 
The contract will probably be awarded to a Portuguese 
firm, but we give this notice since the carrying out of the 
works may involve the purchase of some material outside 


Spain : The Gaceta de Madrid publishes a notice, issued 
by the Ministerio de Fomento, granting permission to 
Don Tomds Garmendifa to utilise, at the rate of 2570 litres 
per second, the waters of the Reburdiejos and Sejos 
streams, in the district of Los Tojos (Province of San- 
tander) for the production of electric power for industrial 

The necessary works must be commenced 
within a year, and completed within four years, from the 
date of the concession. 





**TURBO-BLOWERS AND COMPRESSORS.” 
To THe Eprror or ENGINEERING. 

Sir,—Dr. Barclay, in his letter published in your issue 
of April 7, has pointed out a typographical error in the 
paper you recently published on the above subject. The 
pressure ratio in the expression given on page 144 should 


have appeared as S , ie, the ratio of the absolute 
pressures. This is apparent from the numerical values 
given in the example which immediately follows. The 
expression was given correctly at the top of the curve for 
work done in adiabatic compression (Fig. 16). T 
sure p would be measured on the blower suction by a 
differential water gauge, the pressure at this point being 
less than atmospheric, so that if p. is the indication on 
this gauge, then the absolute pressure at the suction 
P. will be equal to P, — p. ; this is apparent from Figs. 
15and17. P, —p is, of course, the lpibeale sum of the 
barometric pressure of the reading on the differential 
pressure gauge. 

Yours nena, 





, Goy. 
Trafford Park, Manchester, April 12, 1916. 
CrystaL Patace Enoinerrine Society {Qzomsasen 
TO THE Society oF Encineers). — The ilson Pre- 


mium for the best paper read before this Society during 
the past session has been awarded to Mr. H. M. Wilson for 
his paper on ‘“‘ Concrete.” Other papers read before the 
pos py Ae : “*Petrol-Engines,” by Mr. W. M. Wemyss, 
and “ Railway Bridges and their Constructional Details,” 
by Mr. C. L. C. Brock. The Premium was presented to 
Mr. Wilson by Mr. J. Patten-Barber, M. Inst. C.E., 
Past-President of the Society of Engineers and of the 
Institution of Municipal and County —— at the 
130th distribution of certificates at the above at 
which he presided on April 6. 





Tae Iron AND Steet InstrTuTs.—The annual meeti 
of the Institute will be held at the Institution of Ci 
Engineers on Thursday and Friday, May 4and5. On 
the first day the Council will present their report ; the 
acting President will move the adoption of the proposed 
new bye-laws, as amended at the autumn mee 
incorporation in the bye-laws of the Institute, and v 
induct into the chair the President-elect (Sir William 
Beardmore). The Bessemer Gold Medal for 1916 will be 
presented to Mr. F. W. Harbord, F.I.C. The President 
will deliver his inaugural address. Papers Nos. 5 and 1 
will be read and discussed. On Friday morning, rq 5, 
fares: Se. 5. & & ond 3 wil Nosed one eee be 

lowing lis: of papers is expected to be submitted for 
reading and discussion :—1. ‘* Notes on the Th 
Corrosion of Steel,” by Mr. L. Aitchison. 2. “ 
the Relations between the Cutting Efficiencies of Tool- 
Steels and Their Brinell or Scleroscope Hardnesses,” by 
Mr. J. O. Arnold, D.iMet., F.R.S. 3. “A New Thermo- 
i Studying Allotropic Changes in Iron 
Mr. C. icks, Ph.D. 4. “Initial 
itical Cooling Velocities of a Chro- 
. C. A. Edwards, D.Sc. 5. ‘' The 
Man; whoa the Corrosion 
of Iron and Steel,” Sir Robert field, D.Met., 

R. Mr. J. N. Friend, D.Sc. 6. ‘* Early Experi- 

lhe Recalescence of Iron and wernt hy 3 A. 
Mallock, F.R.S. 7. “A Few Experiments on the Hard- 
ness-Testing of Mild Steel,” by Mr. W. N. Thomas, 
B.Sc. 8. “‘Surface-Tension Effects in the In stalline 


, for 


Cement in Metals and the Elastic Limit,” by Mr. F. C. 
Thompson, M.Met., B.Sc. The autumn —_ be 
held at the Institution of Civil i on Thursday 


and Friday, September 21 and 22. 
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MAXIMUM PRICES OF IRON. 

_ THE question of the price of material used and produced 
in the iron and steel industries has been under the con- 
sideration of the Minister of Munitions for some time 
past ; and, after consultation with the representatives of 
the principal trade associations, the following r 
— for the various products have been fixed until 

une 30, 1916, and thereafter until further notice. The 
makers may sell for delivery after June 30, 1916, on the 
und that the fixed maximum prices ruling on 


the first da any month during the period of the con- 
tract will apply to all deliveries made during that month. 
These maximum prices are based u: the costs 


and conditions now prevailing, must not be assumed 
to be indicative of any difference in relative values which 
may have obtained in the several districts before the war 

may obtain again after the war. This intimation must 
not be taken to authorise any sale or purchase or other 
dealing prohibited under the the Realm Regu- 


lations :— 
Per Ton Net F.O.T. 
Makers’ Works. 


Hematite Pig-Iron (West Coast) : £ead 
eed Prem), S008 8. a - 676 
pecial ity, con’ under 0, phos- 

Sond oh BF eda 0e .. 615 6 
Special quality, conta’ ‘under 0.02 of phos- 
Sosces adeageer.. as $e aa oe 700 

Hematite Pig-Tron (East Coast) : 

Mixed Nos, 1,2, and3.. * 2 ite € 8:8 
Special quality, containing under 0.08 of phos- 

and sulpbur.. - ee es se 615 6 
Special quality, containing under 0.02 of phos- 

+ a se ee ee - 700 

Hematite Pig-Iron (Scotch) : 

Mixed Nos. 1,2, and 3.. oe - os 7 626 
Special quality, containing under 0.03 of phos- 
pera Gy - a ae oe 615 6 
Special q y, con ing under of phos- ; 
phorus and sulphur. . “s o% o2 Ba 700 
Hematite Pig-Iron (Welsh): 
Sheed Hie), 5k a “aes of phos 6 2 6 
, er VU, 08- 
waludeiee.. ~ “% Doma «6. 008 © 
Special. quality, containing under 0.02 of phos 
phorus and sulphur. . ow ee a °° 700 

Lincolnshire Pig-Iron : 

Basic or foundry os se ae a as 476 

Cleveland Pig-Iron: 

Mixed Nos. 1,2and8 .. ea ee - ‘ce 42 6 

Northamptonshire Pig-Iron : 

Forge... ee - os 426 
Foundry numbers 4650 

Derbyshire Pig-Iron: 

Forge oe ee 450 
Foundry numbers os 476 

North Staffordshire Pig-Iron : 

Forge... ee oe os 410 0 
Foundry .. 412 6 
Basic oe 415 0 


South Staffordshire Pig-Iion: 
** Part Mine” forge ee 
ee foundry .. 
Ccmmon Staffordshire 
“All Mine” forge bs 
“ foundry .. 
“ Warm Air” forge. .. 


pecial quali fonord Dade; mss 
8 quality, le) 's silicon 
Cold-blast iron .. mae os 


erntacoe ee 
= 
a 
ecooooe eo 


Scotch Foundry and Forge Pig-Iron: 





Nos. 3, 4 and lower grades of Monkland, Dal- 
me’ , Eglinton, and Govan os oe 514 0 

Nos. 3, 4 and lower grades of aS ether trends... Ss 6 ~ 

os oe ee - 

No. 1 quality .. t § 4 
above these 
prices 

Ovr Locomotive Exports.—The war continues to 


materially reduce our shipments of locomotives and parte 
of locomotives to British colonies and foreign countries. 
The value of the engines shi io Sears wee culy 
74,0241., as compared with 247, in March, 1915, 
4651. in March, 1914. The value of the exports to 
March 31, this year, amounted to 330,487/., as compared 
with 759,013/. in the first quarter of 1915, and 1,224,672/. 
in the first quarter of 1914. 


Tue Amenioan Navy.—The Senate of the United 
States has passed, by 58 votes to 23, what is known as 
the “Tillmac Bill,” appropriating 11,000,000 dols. for 

or construction of a Government armour- 

, with a capacity of 20,000 tons per annum. 
Bill now goes to the House of entatives’ Com- 
mittee on Naval Affairs, by which it will probably be 
favourably reported after the annual Naval Appropriation 
Bill has been disposed of. 








Six More Axgropianes rrom Mauaya.— A further 
example of the enthusiasm displayed by the British 
Colonies and encies for the cause of right and 
justice is afforded by the following paragraph taken from 
The London and China Telegraph, which says that: ‘‘In 
addition to over 15,000/. previously subscribed, 10,500/. 
has been collected in the Straits Settlements and the 

six more 


Federated Malay States for the of 
aeroplanes, which will be pumbered Malaya 11_ to 


Malaya 16, for the use of the Royal Flying Corps. Mr. 
©. Alma Baker, of Kinta, who is the organiser of the 





fund, and has himself already given one aeroplane, is the 
donor of a second aeroplane. 
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THE ENGINEER AND HIS ASSISTANTS. 


THERE are certain occupations in which a man 
can design and complete his work hi The 
inter, the literary man, the musician, can labour 

in solitude, and their products are the fruits of their 
own brains. But with the engineer the case is 
quite different. He has largely to — through 
Ces persons’ eyes, to hear thro their ears, 
and to act through their hands. the, day is not 
long enough for him to take personal cognisance 
of everything for which he is responsible, and he 
must act to a great extent through subordinates. 
When they serve him well he gets the credit, and 
when they serve him ill he bears the blame. It is 
therefore of immense importance to him, and to 
the firm he represents, that he should, in the 
first place, select his assistants with skill, and, 
in the second, imbue them with a spirit of 
loyalty. Nothing conduces more to good service 
than the ers I among the rank and file that 
the chief can take any tebe out of their hands and do 
In early 
years this state of affairs is quite possible, but 
later, as the province under a man’s control 
widens, he can no longer be an adept in every de- 
artment. Then his method of influencing those 
low him must be moral and intellectual, rather 
than technical’ He must be a student of cha- 
racter, able to discern both the strong and the 
weak parte of his assistants. He must encourage 
the diffident, stimulate the let c, and repress 
the erratic. There are no books that explain how 
this is to be done, and no professors that lecture 
upon the art. It can only be acquired by constant 
effort, and this effort must be begun while a man 


8 | is young, long before he has much opportunity of 


putting the lessons into practice. If the careers 
of the great men of the world be studied, it will be 
found that they were always surrounded with 
capable assistants of their own choosing. The 
nT Seutet to discern merit was one of the main 
features in their success. To a great extent this 
is instinctive, but it may be cultivated if the matter 
A man who aims to 
rise to 


7 | ope of great responsibility must practise 
the stu 


f character with assiduity while he is 
As 


between him and his acquaintances. They will no 
longer allow him the easy familiarity that he once 
enjoyed. He cannot gaze into the depth of their 
dispositions with the facility he once did, and his 
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opportunities of studying human nature gradually 








curtail. If he has not laid the foundations of the 
knowledge, he will find it almost impossible of 
attainment when he needs it most. 

In the early of an engineer’s career he 

merally finds those whom he directs chosen for 

im, and often they have reached that period of 
life when it is difficult to effect any great change 
in them. Workmen, for instance, are brought up 
in a narrow school, and their limitations must not 
be forgotten. The assistant-manager of a works 
will attain — success by. adapting himself to 
their standpoint than by seeking to transform 
theirs. The men in a works are:much like the 
material they treat. They have certain qualities 
and certain detecte-—like the rest of us—and these 
have ever to be borne in mind when it is proposed 
to adapt them to a given purpose. If the engineer 
could evolve his ans X out of his brain, as he 
does his design, there would be no limit to which he 
could achieve. Such an idea is, of course, Utopian. 
Both men and metals give way under undue stress, 
and it is only within certain bounds that they have 
any value. It is the business of those who deal 
with them to gauge the extent of their capabilities, 
and to make the best use of the qualities that 
lie within them. To go further is to court disaster. 
A manager may sometimes writhe under the limita- 
tions of his personnel, but it is just as absurd for 
him to ascribe his failures to the incapacities of a 
class as it would be to denounce cast iron because 
it snapped under a tension load. His art lies in 
adapting his designs to the material at his command 
at a given time. 

It is not only workmen, however, who have to 
be accepted by those put over them. Foremen, 
draughtsmen, and assistant-engineers generally are 
appointed by others, and it is a matter of difficulty 
to get them removed. This is by no means an 
ultimate disadvantage to the aspiring assistant- 
manager, although it may cause him much trouble. 
If he could 7 the human wasters as readily as 
those from the foundry, he would: be saved many 
a disappointment ; but, at thesame time, he would 
forego the benefit he attains by the exercise of 
patience and insight, and he would not learn the 
art of getting the best out of the material supplied 
tohim. A very apt metallurgical anal to the 
careful education of assistants is to found 
in the series of processes described as ‘‘ heat 
treatment.” It is a ery short time 
since engineers learned to improve the 
qualities of steel by subjecting it to certain 
ranges of temperature. Before that they were 
very much at the mercy of those who had handled 
the metal before, and who might have left it in a 
condition far below that to which it could be 
brought. Of course, there were flagrant defecta, 
such as red-shortness and cold-shortness, which 
justified the immediate scrapping of material ; but 
apart from these, thousands of tons of steel were 
used in a condition below that which can now be 
attained. As the result of study and experiment, 
it is now possible to bring steel by fairly simple 
means into a state in which ite various Yynalities 
are at their best. Something of the same kind 
is possible with human material, but unfortu- 
nately the process cannot be systematised in 
the same way so as to be carried out by any 
person capable of using a pyrometer. That ite 
possibility is known is evidenced by the phrase, 
constantly seen in advertisements, ‘‘used to 
the control of men.” An untactful foreman can 
make trouble for his firm more effectually than an 
a furnaceman, while an autocratic, 
though technically skilful, ma: may waste the 

rofite in useless strikes. Such difficulties and 
oases are, in some measure, avoidable, provided 
those in command have a natural ability for guid- 
ing and placating those below them, and give the 
necessary care and study to the subject. It is 
seldom realised by owners and directors how great 
is the money value of a judicious combination of 
tact and firmness in a manager, and to what extent 
it may compensate for want of skill and ex 
ence in other directions. If, like heat-treatment 
on metal, it causes the human material to display 
its better characteristics, rather than its worst, 
then it will do more for efficiency than the newest 
and most aggravating card system fresh from the 


he grows older he will find that a veil will gather | States. 
We have, however, wandered somewhat from our 
immediate subject, which is the dependence of 
the engineer on his assistants, and the necessi 
of his spending effort on their education. 
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Napoleon, can gauge a new-comer at a glance, and 
can attract talent to his side i 
netism. He will be well served in any case. But 
genius of that order is rare, and most engineers 
will find the time well spent they devote to the 
training—moral as well as technical—of their staff. 
It seems almost a truism to say such a thing were 
it not a matter of common knowledge that this sub- 
ject is so often neglected. It is a characteristic of 
the present day that more and more is spent by 
engineers on apparatus of precision. There are 
found in works, gauges, measuring-machines, pyro- 
meters, and balances of a delicacy that a few years 
ago was scarcely to be met with in the laboratory. 
These can be bought by anyone, but they represent 
an immense amount of thought and experiment on 
the part of their makers and others. Unfortunately, 
assistants cannot be obtained like instruments, 
guaranteed to do the right things under all circum- 
tances within a minute fraction of perfection. 

Every engineer has to standardise his own 
assistants, and tune them up to the degree of 
efficiency which is required for the class of work 
that he does. This involves much trial and error ; 
but the matter is immensely simplified if he has 
the ability to recognise the right kind of raw 
material when he sees it. If he has made the best 
of his early opportunities for forming a correct 
estimate of men, he will be able to reject at a 
glance many a candidate for his employment 
who comes armed with satisfactory testimonials. 
Further, he will feel instinctively how each man 
should be treated. In a works it is generally 
necessary to pursue a collective system ; but in 
an office individual treatment is not only pos- 
sible but necessary. There is probably no man, 
however earnest, or however skilful, that can- 
not be induced to do better work by judicious 
assistance or pressure. When we remember that 
the reputation and profits of an engineer de- 
pend very largely upon the way in which his 
instructions are carried out, it becomes evident 
that no pains are too great to spend on the instru- 
ments by which he works. Each improvement in 
them is like a judicious investment in labour- 
saving machinery, and will bring in a return year 
by year. The ability to form a correct judgment 
of character is one of the most valuable assets a 
professional man can have, and although it is not 
so attractive to the young as technical knowledge, 
it is quite as well worth attainment. 





RADIATIONS FROM ATOMS AND 
ELECTRONS, 

In opening his fifth lecture at the Royal Insti- 
tution on the above subject last Saturday after- 
noon, Sir J. J. Thomson, O.M., P.R.S., said that 
at the end of the last lecture he had pointed out 
that the Doppler principle provided a method of 
determining the nature of the system to which 
were due the various lines observed in the spectrum 
of a gas. The idea of the method we owed to 
Stark. In applying it, a discharge tube was used 
having a perforated negative electrode. The stream 
of positively electrified particles which passed, with 

reat velocity through this cathode into the gas 
hind, produced light, the spectrum of which was 
examined. Some of the lines of this spectrum 
were then found to be displaced from their normal 
positions, whilst other lines were unaffected. The 
character of the results obtained was, he said, re- 
presented in Fig. 1, which represented the varia- 
tions in intensity observed in the immediate 
neighbourhood of one of the hydrogen lines. 

With this gas there was considerable luminosity 
in the normal, or ‘‘ rest,” position of the hydrogen 
line, and this was represented in the diagram by 
the first peak. Following this there was a com- 
paratively dark space, and then came a second peak, 
which represented the displaced position of the line. 
This displacement was produced, on the Doppler 
ame 9g by the motion of the luminous particles 
towards the observer. It would be seen that 
not only was the line displaced, but it was 
also considerably broadened, owing to the fact 
that the velocities of the luminous particles dif- 
fered amongst themselves to a very great extent. 
The light represented by this second peak must 
have been given out by moving particles, or it 
would not have been displaced. Hence one of the 
systems that came through the opening in the 
cathode was the source of this Gaghneed ydrogen 
line. The particles thus passing were, however, a 


very mixed lot. This was well shown by Fig. 2, 





his personal mag- | pla 


which showed the paths traced on a photographic 
te when bombarded by positive rays produced 
in air by the method he Fad often described in 
that room. Each trace was made by a different 
system of particles, and it would be seen that 
not only were these systems numerous, but each 
—_ a trace of considerable length. Consider, 
or example, the line corresponding to CO. If 
all the particles of this gas passed through the 
cathode with the same velocity, the long line shown 
would have been contracted up into a single 
bright spot. That the trace was stretched out, in 
the fashion represented, showed that different 
rticles of this gas had different velocities, and 
ence had different displacements from an axis 
drawn through the central spot. The velocity of 
the particles corresponding to any point of the trace 
could be determined by measuring the vertical dis- 
Poeeoent, as this was directly proportional to the 
eight above the horizontal axis of the figure. 
Returning to the discussion of the Doppler effect 


gq. 4. 








Fig. 2. 


Sir Joseph Thomson observed that since heavy par- 
ticles like those of mercury moved more slowly t. 
lighter ones, the displacement of the spectral lines 
would be less, so that from the amount of this dis- 
placement it was possible to determine whether the 
particles concerned were heavy or light. Very con- 
siderable care was, however, necessary in interpret- 
ing the (yy observations. It would be 
observed that the displaced hydrogen line in Fig. 1 
showed two peaks, one of which was much nearer 
the ‘‘rest’” position of the line than the other. 
Actual measurement indicated that the ratio of the 
velocities corresponding to these two peaks was not 
very different from ,/zZ:1. Now this ratio was 
that which the velocity of an atom of hydrogen 
would bear to that of a molecule. It had been 
contended accordingly that the light represented 
by the displacement in Fig. 1 was given out both 
by atoms and by molecules of hydrogen. 

Sir Joseph Thomson said he did not think that 
this interpretation was a legitimate one. If we 
studied a distribution of hay a in dia- 

of the kind represen’ in Fig. 2, a - 
ffarity quite analogous to the double peaks in Fig. 1 
could often be o ed. The hydrogen line, for 





example, would at first be fairly uniform, but later 


became beaded at certain places, after which the 
line became more uniform. Now the centres of 
the two beads were exactly at points corresponding 
to velocities having the ratio of ./2to1. Spectro- 
scopic observations would show maxima correspond- 
ing to these two velocities, and we would get exactly 
the appearance of the diagram reproduced in 
Fig. 1, although the beads in question were produced 
by the atom of hydrogen, and not by the molecule. 
The explanation of the peculiarity was that the 
particle responsible for the lower velocity had 
acquired its speed whilst still part of a molecule, 
but broke up after getting through the cathode. It 
had therefore only the velocity corresponding to a 
molecule. These considerations showed how impor- 
tant it was to check the spectroscopic observations. 
This beaded appearance was often to be seen in 
itive-ray photographs, and whatever showed as 
on them would be represented as ks in 
the spectrum, and might lead, as he believed it had 
done in the case cited, to an entire misinterpreta- 
tion of the results. 

If the spectrum of hydrogen were observed as 
described, it was found that the series of lines 
represented by Balmer’s formula were all displaced, 
and by about the same amount. _ The second 

trum of hydrogen, to which Balmer’s lines 
did not belong, was also to be seen. This second 
spectrum was a very complicated one, having an 
enormous number of fine lines, particularly in the 
red and the orange, which had the peculiarity that 
none of them showed any displacement in Stark’s 
experiments, but continued to occupy their normal 
positions. Only ‘‘series” lines were, in fact, dis- 

laced 


Pp ls 

An interesting question thus arose as to the 
origin of the second spectrum of hydrogen. 
Photographs such as that reproduced in Fig. 2 
showed that not merely charged atoms, but charged 
molecules, came through the perforated cathode. 
Thus, in the case of 5 oe we had atoms of 
hydrogen, molecules of hydrogen consisting of two 
atoms, and molecules of hydrogen consisting of 
three atoms. All three were in rapid motion, and 
any light emitted by them would show the Doppler 
effect. It followed therefore that the second spec- 
trum of hydrogen could not be given out by any- 
thing that came through the hole in the cathode. 
It could thus not be attributed either to the 
2 a goons ge atoms or to positively-charged 
molecules, and must have as its source some- 
thing that had not passed through the cathode. 
Possibly it arose from the vibrations of a molecule 
one of whose atoms was positively and the other 
negatively electrified. That this second spectrum 
was certainly not due to the positive rays them- 
selves could be shown by causing positive rays 
of one gas to bombard the molecules of another. 
This had been done by perforating the cathode by 
avery fine hole, and making this hole the only 
means of communication between the two sides of 
the cathode. By means of a pump it was possible 
to prevent any appreciable intermixture of the 
gases on opposite sides of the cathode. The posi- 
tive rays were then provided entirely by particles 
of the one gas, and spectroscopic observation 
showed that all the lines corresponding to this gas 
were displaced, whilst those belonging to the other 
gas all occupied their normal positions, and were 
not displaced. This was, of course, exactly what 
would have been expected, but it was always pleas- 
ing to have such anticipations verified by actual 
experiment. 

t would be seen that whilst the spectroscope 
served as a very powerful instrument of research, 
there was some little difficulty in drawing really 
definite conclusions from the observations made. 
One point, in fact, was still in a state of acute 
controversy— viz., were the lines of, say, hydro- 
gen given out by the atom whilst it was positively 
electrified, or after it had become neutral by re- 

uiring a negative charge. This question was 

ill debated, and it could not be said that any 
kind of unanimity of view had yet been arrived at. 
It would, however, require very powerful evidence 
to make us believe that the line spectrum of hydro- 
gen was emitted whilst the hydrogen atom was still 
positively charged, since we had, in the Zeeman 
effect, means of finding out the nature of the actual 
vibrator responsible, whether it were an atom or 
an electron. The Zeeman effect showed conclu- 
sively that the line spectrum originated in vibrating 
electrons. 





Now data drawn from many independent sources 
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ve reason for the belief that a neutral atom of 

ydrogen contained only one electron, so that it 
was not possible to take out more. ae 
c atom of hydrogen was accordingly one 
which had lost its electron. Hence very strong 
evidence would be required to establish the view 
that it was a positively-charged atom of hydrogen 
which was the source of the line spectrum. 

The speaker’s own view was that both the con- 
tending schools were, in « sense, right. To get 
the line spectrum it was necessary for the atom to 
have lost its electron so as to become positively 
charged, but it was only as an electron came back 
that the light was given out in the process of the 
atom becoming neutral. ‘This union of the posi- 
tively-charged atom with an electron was made, 
more particularly, during the instant of a collision 
with a molecule of the gas through which the atom 
was moving. Professor Strutt, for example, had 
subjected the gas bombarded by the positive rays 
to a strong electric field, which would have the 
effect of driving out any free electrons. He found, 
and similar experiments made by the speaker gave 
the same results, that the brightness of the lines 
produced was very little diminished by the action 
of the field. 

Referring back to Fig. 1, it would be seen, 
Sir Joseph proceeded, that there was a marked 
gap between the normal and the displaced i- 
tion of the hydrogen line. Apparently allies 
less than a certain displacement was to be ob- 
tained. Again, as the velocity of the particles 
was increased we ap to approach a second 
limit, as it had not been found possible to get 
more than a certain displacement of the line 
even when the theoretical velocity of the rays was 
much greater than that necessary to produce the 
maximum displacement observed. Now it was well 
known that to ionise a gas the speed of the positive 
rays must exceed a certain limit. On the other 
hand, if the speed were too great there was very 
little ionisation. The actual luminosity would 
accordingly appear to be due to the return to 
neutrality of the positive ray in the act of ionising 
the molecule of the gas with which it collided. 

A still further advance in the application of the 
Doppler principle to the study of the origin of 
luminosity had been made recently by Fabry 
and Perot. Their method was founded on one of 
those ideas, which, like the echelon grating, one 
would consider impracticable until it was actually 
made to work. These experimenters had applied 
Doppler’s principle to the study of the lumino- 
sity of a gas by observing the broadening of the 
spectral lines due to the motion of the gaseous 
particles. These were in continual motion, some 
moving towards an observer, and others away from 
him. The result was a broadening of the spectral 
line by an amount depending on the — of the 
particle, and, as Lord Rayleigh had observed, the 
actual breadth corresponded very fairly with the 
average velocity with which the molecules were 
moving through the gas. If, therefore, the origin of a 
spectral line were a light atom, this would have a very 
high velocity, and the widening be correspondingly 
great. If a heavy atom were responsible, the widen- 
ing would be less. Hence accurate measurements of 
the widening would suffice to determine the average 
velocity of the particle responsible for the emission. 
Then from the law that all particles in a gaseous 
mixture had the same kinetic en the mass of 
the particle could be determined. This beautiful 
conception was the more important because so 
many lines showed a velocity effect. The only 
point open to suspicion in the experiments in ques- 
tion was whether a charged particle would have the 
velocity normally due to it. This could be settled 
by a comparison with results obtained by Stark’s 
method in conditions in which both methods were 
applicable. If the reliability of the new plan was 
thus confirmed, full confidence could be placed in 
the interpretation that Messrs. Fabry and Buisson 
put on their results. If the method really did 
give the velocity of the atom bearing the vibrating 
system which was responsible for the spectral lines, 
the method could be applied to many cases where 
Stark’s plan could met be used. 

As he had already mentioned, the Zeeman 
effect showed the nature of the source from which 
light was emitted, whether it were due to an 
electron or to a body of very much greater mass. 

n this connection, however, it should be noted 

that to produce visible light the electron must be 
associated with an atom, since direct radiation from 
& free electron had never yet been observed in the 


spectroscope. Were this possible, the displacement 
would be enormous, owing to the immense speed 
of the electron. The Zeeman effect had, however, 
no -reference to free electrons, but only to electrons 
associated with an atom. 

Faraday, years ago, had sought to discover some 
effect of magnetism on light. He did find thata 
magnetic field could be made to rotate the plane of 
polarisation of polarised light, but he had failed to 
observe any effect of magnetism on the light given 
out by, say, a sodium flame. Effects of this kind 
had, however, been discovered by Zeeman on 
studying the spectrum of various substances as 
excited by a spark passed between the poles of 
a@ very strong magnet. Zeeman found that in 
strong fields the lines observed were not in the 
same position as they were when the magnetic 
field was absent. Single lines were broken up, in 
the original experiments, into three components. 
More extensive study had, however, shown that 
the type of resolution effected varied considerably, 
being in certain cases very complicated. 

This power of a magnet to resolve a spectral line 
into components — upon the mass of the 
particle responsible for the emission, being exceed- 
ingly small. In fact, investigations made prior to 
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TYPES OF MAGNETIC RESOLUTIONS. — 


Zeeman’s experiments gave expressions which led 
to the idea that the light emitted in a magnetic field 
should not be quite the same as normally ; but when 
these expressions were —— numerically, it 
appeared that, assuming the emitting particle to 
cake the smallest mass then known, the effect would 
be so minute that it would be hopeless to look for 
it. At that time, in fact, there was no knowledge 
as to the existence of particles smaller than the 
atom, and Zeeman’s success was due to the fact that 
such particles or corpuscles actually existed. 

The lecturer here showed the effect of a 
magnetic — h. the corpuscles moving in . = 
charge-tube. ith no magnet near, the particles, 
he observed, moved in a straight line ; whilst 
the effect of bringing near the discharge a strong 
magnet was to curl round their paths into 
circles or — having the lines of magnetic force 
as axes. hen these particles spun round the 
lines of magnetic force in this way, a peculiarity of 
the motion was that the time taken to complete 
one revolution was always constant. It did not 
matter how big the spiral might be nor how small. If 
close in to the axis the icles moved more slowly, 
whilst if further out the speed increased, with the 
result that the time for a complete rotation was 
constant. In short, the number of rotations made 

second was proportional to the expression 





=, where H denoted the magnetic force, ¢ the 
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charge of electricity borne by the icle, and m its 
mass, so that in a uniform field the time depended 


solely on these three quantities. Suppose, now, that 
inside the atom ted by the circle in Fig. 3 
there was a —— field the direction of which 
was represented by the vertical line shown. An 
electron falling into the atom would describe a 
= around this axis of magnetic force, and 
ughout its motion the - at which it revolved 

e 


would be proportional to = 
radiate out a spectral line having the corresponding 


frequency. 

“The magnetic force represented in Fig. 3 was 
assumed to be that intrinsic to the atom; but 
suppose an additional field Ho, due to an 
outside source, were established, and let this 
field be parallel to the atomic field. Then, if the 
two fields were in the same direction, the particle 


would make, not He 
™m™ 


. It would therefore 


turns in unit time, but 


H + Ho e turns. On the other hand, if the two 


m 
fields were in opposite directions, the number of 
turns made would be —__—° ¢, and the frequency 


m 
of the light emitted would be less than if the 
eee -. ee — On the other — 
i e a eld were perpendicular to the 
intrinsic Told, the turns a by the rotating eleo- 
tron would be unaffected. Hence, in a magnetic 
field the frequency of some of the electrons would 
be in , the motion of others would be re- 
tarded, whilst for a third set it would be un- 
affected. Hence by superim a field on 
that due to the atom itself we should alter 
the time of vibration of the light given out, and 
instead of the normal single line we should get 
three lines, one in the original position and the 
other displaced from this by an amount propor- 


tional to + ue of 


m 

In the foregoing he had, he said, used the idea of 
a magnetic axis intrinsic to the atom for descriptive 
pu but he did not propose to press the idea 
at this time. 

As he had already stated, further research on the 
Zeeman effect showed the resolution of spectral lines 
into a great number of different types. A number 
of these were represented in Figs. 4and 5. Inthe 
simple type shown at the top of Fig. 4 one line was 
resolved into three componente. is was the case 
with helium and with some of the hydrogen lines, 
and was especially common with the lighter ele- 
ments up to lithium. With sodium, as the diagrams 
showed, there was greater complexity, one of the 
lines being split into five, and the other into four 
components. In the case of the mercury spectrum 
it would be seen that some lines divided into three, 
others into six, and a third set into nine com- 

ments. The noteworthy point was that all the 

ines belonging to the same series underwent the 
same t of resolution. In the case of neon, 
the resolution was, it would be seen, of an extra- 
ordinarily complex type. On the other hand, in the 
case of iron (Fig. 5), one line was not broken up 
at all, whilst others were resolved into as many as 
five components. The resolution of a line showed 
that it came from an electron, and not from an 
atom, which was much too heavy. Band spectra 
did not show the Zeeman effect, which was to be 
obtained with line spectra only. It had been found 
that some lines in the second spectrum of hydrogen 
were affected, but the vast majority of the lines 
in this certainly did not show the effect. 

If one took the view that there were magnetic 
forces inside the atom, the variety of types of re- 
solution obtained could be explained on the hypo- 
thesis that there were axes of magnetic force in an 
atom, somewhat similar to the axes of a crystal. 
Suppose these axes of magnetic force were repre- 
sented by OA, OB, OO, Fig. 6, and let the 
applied field be parallel to OA. The component 
of the external field along OC would then 
be Ho cos 6, where @ denoted the angle between 
O A and OC, so that whilst the applied field would 
accelerate or retard electrons spinning about the 


Ao 
axes O A by —*, the corresponding acceleration 


or retardation for OC would be He ove ¢ S, is 


showed why the displacement for all the lines was 





not of equal magnitude, which was a difficulty in 
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some theories which had been put forward to explain 

the Zeeman effect, as they gave the change of 
e 

frequency in all cases simply as - = x 

To illustrate the Zeeman effect, the lecturer passed 
polarised light through a salted flame placed be- 
tween the poles of an electro-magnet thence through 
a nicol prism, and on toa screen. By rotating the 
nicol the light on the screen was extinguished, 
but on then exciting the magnet the spot of light 
reappeared, indicating that the magnetic force had 
altered the frequency of the sodium light. 

He also exhibited a model which, from the 
mathematical point of view, corresponded, he said, 
very closely to the motion of an electron in a mag- 
netic field. In traversing a magnetic field such a 
particle was subject, he said, to a force at right 
angles both to the field and to the direction of its 
motion. The model consisted of a conical pen- 
dulum, the bob of which was a gyroscope. With the 








gyroscope not spinning, the periodicity of the pen- 
dulum had a certain value, which was, it was 
Original Line 
B 
Resolved Components 


shown, the same in whichever direction the pen- 
dulum moved. When, however, the gyroscope was 
spun, the rate of rotation of the conical pendulum 
was greater than the normal if it moved in one 
direction, and less than the normal if the direction 
were reversed. The forces acting on the spinning 
gyroscope whilst the pendulum rotated were, the 
lecturer said, of the same character as those to 
which an electron was subjected in traversing a 
magnetic field. 

Continuing, the speaker said that within the 
last two years Stark had discovered another effect 
produced when the spectral lines were emitted in an 
electric field. It was difficult to establish a strong 
electric field in most of such discharge-tubes as 
were used for spectroscopic work. Stark had, 
however, succeeded by placing close behind the 
cathode a perforated plate, the interspace between 
the two being small compared with the ‘* dark ” 
space of the tube. Oonnecting up the cathode 
and the plate, with the opposite poles of a battery, 
a very intense field was produced between the two, 
which it was found possible to carry to thousands of 
volts per centimetre without causing a discharge. 

In these conditions Stark noted that certain of 
the hydrogen and helium lines were affected, being 
split up in a fashion somewhat analogous to, but by 
no means identical with, that observed in the case of 
the Zeeman effect. For example, a line was divided 
into a triplet, as indicated in Fig. 7; bub not one 
of the three components was quite in the same posi- 
tion as the original line. The components were, 
moreover, polarised in some cases in a plane at right 
angles to the electric force, and in others in a plane 
parallel to this force. The effect was, however, by 
no means so common as the Zeeman effect, and was 
of a very irregular character. Sometimes the whole 
of the components produced lay to the one side of 
the original line, and in many more cases the effect 
was altogether absent. In the speaker’s opinion, 
the phenomenon had more to do with the nature 
of the atom concerned than with the character of the 
vibrators responsible for the emission of the light. 








THE LATE SIR COLIN CAMPBELL 
SCOTT-MONORIEFF. 

We regret to have to record the death, which 
occurred on Thursday, the 6th inst., at his resi- 
dence, Cheyne-walk, Chelsea, of Sir Colin Cam 
bell Scott-Monecrieff, K.C.S.I., K.0.M.G, LL.D. 
(Edinburgh), whose name will ever be associated 
with the transformation of Egypt under British 
auspices from a baukrupt Oriental State into a 
thriving country, the home of a prosperous peas- 
antry. Sir Colin was born in Scotland, in August, 
1836, and was the sixth son of the late Robert 
Scott-Moncrieff. He was educated at the Edin- 
burgh a and at the Honourable East India 
Company's Military College, Addisoombe. He 








was appointed second lieutenant of the Bei 
Engineers in 1856, and whilst serving in Indi 
he was engaged in the suppression of the Indian 
Mutiny. During his stay in India he was also 
engaged in the Public Works Department for about 
nine years. For six months of the time he was 
at the Barrack Department in Oudh, where he 
helped to restore the barracks wrecked during the 
Mutiny ; then for three years he acted as Assistant 
Principal at the Thomason Civil Engineering Col- 
lege, rkee; being finally, and for five years, 
on the works of the Eastern and Western Jumna 
Canals. For a period he acted also as President of 
the Famine Commission in Mysore, and his experi- 
ence in this connection led him to deal actively with 
the work of irrigation in India, with a view to 
minimising the famine scourge. On his return from 
India, in the late ‘sixties of last century, he re- 

rted for the Government upon irrigation works 
in France and Spain, and in 1868 he published 
a book on the subject, entitled ‘‘ Irrigation in 
Southern Europe.” He retired from the Army 
with the rank of colonel in 1883, and was appointed 
Under-Secretary of State for Public Works in Cairo 
in the same year, a position which he retained 
until 1892. 

When Colonel Scott-Moncrieff was appointed to 
the Cairo Public Works, the whole of the labour on 
the earthworks of Egypt was forced labour, and a 
— short time after taking up his appointment he 
endeavoured to replace this by contract work. He 
ower d succeeded, and, according to Sir William 

illcocks, the forced labour for the maintenance 
of earthworks was finally abolished in December, 
1889, this being ‘* one of the creditable perform- 
ances of the British occupation of the country.” 
An idea of the difficulties which ruled in the early 
eighties of last century in regard to the construc- 
tion and maintenance of public works in Egypt is 
gathered from a paper read in the summer of 1884 
before the Institution of Civil Engineers by Mr. 
William Anderson. In summer, between May and 
August, during low Nile, many canals became quite 
dry for want of cleaning and maintaining at the 
required depth, and thousands of acres of summer 
crops of cotton and rice perished for want of water. 
Even when the canals were cleaned out the water 
was still below the land level, and every drop 
required for irrigation had to be raised by imperfect 
‘*sakiehs” and small steam-pumps. Means of 
communication were so defective that Alexandria 
could not hope to compete in export produce. A 
step in the right direction, said Mr. William 
Anderson, was the appointment of Colonel Scott- 
Moncrieff, who had earned a high reputation in 
India, to the post of Under-Secretary of State for 
Public Works. Unfortunately, long neglect and 
mismanagement had rende large expenditure 
necessary, and that very neglect and mismangement 
had crippled the revenue. Moreover, Colonel 
Scott - Moncrieff's appointment coincided with 
changes in the Egyptian Ministry, and he was 
compelled for many reasons to curtail his budget at 
the expense of many reforms. 

After preliminary regulation work on the Delta 
carried out in the ’thirties and ‘forties of last 
century by French engineers, among whom was 
Linant Pasha (M. Linant de Bellefonds), another 
French engineer, Mougel Bey, recommended and 
commenced the construction of a barrage on the 
Rosetta and on the Damietta branches of the Nile. 
In 1853, Mougel Bey was dismissed by the Viceroy, 
Abbas Pasha, who found that operations were not 
proceeding with sufficient rapidity, and his work was 
taken up = Egyptian, Mazhar Bey, who com- 
pleted it. ese barrages appear to have been un- 
sound, notably in their substructure, and never to 
have acted satisfactorily, When Colonel Scott- 
Moncrieff arrived in Egypt, in 1883, he endeavoured 
to utilise them. Dealing with this point in his paper 
above referred to, Mr. William Anderson says that 
he (Colonel Scott-Moncrieff) determined to make 
an attempt to raise the waters of the Nile by means 
of the ges in question ; they were being 
strengthened in a manner which, he expected, 
would enable them to perform the office for which 
they were designed, but he (Colonel Scott-Mon- 
crieff) was quite prepared for a failure. The work 
of repairing and strengthening the two ory 
was, however, carried to a successful issue by 
Colonel Scott-Moncrieff and the other British 
engineers who succeeded him. Dealing with his 
work in this connection in a preface, dated Sept- 
ember 1, 1892, to the book on ‘*The Fayim and 
Lake Meeris,” by Major R. H. Brown, Colonel 





Scott-Moncrieff stated the following:—‘* During 
the last nine years, it has fallen to the honour- 
able lot of a small band of English engineers, 
most of them trained in India, to effect: a re- 
volution in the "spay system of old Egypt, 
and thereby materially to improve the wealth and 
agricultural prosperity of the country. ... We had 
the happy fortune to find things at their lowest 
ebb. e could hardly make a change without 
making an improvement. In all these improve- 
ments Major Robert Hanbury Brown, R E., has 
from the first occupied a prominent place... It 
has fallen to Major Brown to help to restore the 
Fayiim. ... He is not the first author on the sub- 
ject. Learned Germans and brilliant Frenchmen 
have already written on the Fayfiim. Major Brown 
pretends neither ta the learning of the one nor 
to the brilliancy of the latter, but he has what 
neither one nor the other ever had, an accurate 
knowledge of the levels of the country. This in- 
formation is quite indispensable to the hydraulic 
engineer, and it is strange that that distinguished 
Frenchman, M. Linant de Bellefonds, who devoted 
so many years to the physical improvement of 
Egypt, should have been evidently without it.” 
his work on ‘‘ The Binding of the Nile,” and 
with reference to the Delta barrage, the Hon. Sidney 
Peel expressed the opinion that ‘‘it would have 
been far easier to rebuild the whole thing from the 
beginning, but at the time the necessary funds were 
not forthcoming. The British engineers had to take 
the old structure with all its imperfections and 
screw it up to work as it was. The country could 
not afford to cut off the summer water supply of the 
Delta while the repairs were in progress. The 
cotton crop had always to be thought of. And the 
period of the year during which the summer canals 
required to be supplied was the only period during 
which work could be done, for, once the flood came 
down, all operations were at an end. It is the 
glory of the said engineers that, working under these 
conditions and with untrained workmen, they suc- 
ceeded in their task.” We are glad to add the 
following, written by the same author :—‘‘ Sir Colin 
Scott-Moncrieff discovered Mougel Bey living in 
obscurity and oblivion, weighed down by poverty 
and neglect. It was owing to his intercession that 
the poor man was rescued from want, and, by means 
of a pension granted by the Egyptian Government, 
enabled to spend his remaining days in comfort 
and honour. Both nations are entitled to be proud 
of this act of tic justice, which added a lustre 
of its own to the glory of the completed barrage.”’ 
Our present obituary notice on Sir Colin Scott- 
Moncrieff, as will besseen, is largely made up of 
quotations from other engineers. Apart from his 
book on ‘‘ Irrigation in Southern Europe,” and 
numerous technical reports to the Egyptian Govern- 
ment on his work for regulating the flow of the 
Nile, we do not find that he gave to the public a 
relation of his activities. He was elected an 
Associate of the Institution of Civil Engineers in 
1868, but does not appear to have contributed to 
the Proceedings of that Institution. We must ask 
our readers to allow us one final quotation, since it 
affords an excellent illustration of the man and his 
work. In his book on ‘‘ Modern Egypt” the Earl 
of Cromer wrote the following :—*‘ Previous to 
the British occupation, the Public Works De- 
partment had been mainly in French hands. In 
1883 it was resolved to appoint a British Under- 
Secretary to this Department, and to bring a staff 
of British officials from India to superintend the 
improvements in the canalisation of the country. 
Sir Colin Scott - Moncrieff was named Under- 
Secretary. The selection was a most happy one. 
Apart from his very remarkable technical attain- 
ments, Sir Colin Scott-Moncrieff was a man of the 
highest character. The most prejudiced Pasha 
respected qualities which were so dissimilar to any 
which he himself . The most venomous 
journalist paused before he threw his political 
vitriol over a character so transparently honest. 
No Englishman employed in the Kgyptian vervice 
during the early days of the occupation did more 
to en be the name of England respected than Sir 
Colin Scott-Moncrieff, who, by the way, is not an 
Englishman, but one of that race which so fre- 
quently succeeds in foreign parts by virtue of its 
pens | good qualities. Sir Colin Scott-Moncrieff 
comes from well north of the Tweed.” ' 
Colonel Scott-Moncrieff — in Egypt _ 
1 and during his stay there he repo exten- 
node to the Egyptian Government upon the work 
required for a careful irrigation of the arable land 
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of the whole country, quite apart from his work on 
the es above referred to. He returned to 
Great Britain in that same year, and was ——— 
Under Secretary for Scotland, a position which he 
held until 1902. He was President of the Indian 
Irrigation Commission from 1901 to 1903. 

Colonel Scott - Moncrieff was appointed Com- 
panion of the Order of the Star of India in 1878, 
was created Knight Commander of St. Michael and 
St. George in 1887, and Knight Commander of the 
Star of India in 1903. 




































































THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tue Institution of Naval Architects opened its 
spring meeting in the hall of the Royal Society of 
Arts on Wednesday last, the 12th inst., at 11.30 a.m., 
the Marquis of Bristol, the retiring President, 
occupying the chair. The meeting opened ‘with 
the reading of the annual report of the Council 
for 1915, of which the following is a summary :— 


Tue Annuat Report. 


The report first stated that, notwithstanding the 
continuance of the war, it has been considered 
expedient to hold the annual meetings in the same 
manner as last spring, so as not to break the 
continuity of a long series of years. The war had 
naturally had some detrimental effect upon the roll 
of membership, and especially upon the number of 
new candidates for election ; but the losses through 
deaths and resignations (apart from the suspension 
of alien enemy members) had not been more 
numerous than might reasonably have been ex- 

The membership for 1915 was made up 
as follows :—Honorary members, 16; members, 
1164; associate members, 301; associates, 459 ; 
students, 152; total, 2092. Most of the profes- 
sional members of the Institution were engaged 
upon work either directly or indirectly connected 
with the war, while among the associates were a 
large number of offi: «rs in the Royal Navy, the 
Royal Naval Reserve, or the Royal Naval Volun- 
teers, all actively engaged in the war service of the 
country. Many of the younger members and 
students had obtained commissions in the land forces 
of the Empire, or were serving afloat in various 
capacities. The five-year term of office of the 
Marquis of Bristol as President of the Institution 
having come to an end with the close of the past 
session, the Council had invited, and had been 
fortunate in securing, the acceptance of the Earl 
of Durham, K.G., G.C.V.O., to succeed Lord 
Bristol. The Council desired to record their high 
appreciation of the great services which Lord Bristol 
has rendered to the Institution during his term of 
office. 

Under Bye-Law 11 the Council have elected Sir 
Philip Watts, K.C.B., Engineer-Vice-Admiral Sir 
John Durston, K.C.B., Admiral Sir Henry 
Jackson, K.C.B., Mr. H. J. Cornish, Mr. R. H. 
Humphrys, and Mr. J. T. Milton, Honorary Vice- 
Presidents of the Institution. 

The losses by death during the past year included 
the Earl of yg aoe G.C.M.G., who held the 
Presidency of the Institution with much distinction 
for seven years; Sir Nathaniel Barnaby, K.C.B., 
Honorary Vice-President, one of the founders of 
the Institution, who had been closely identified 
with its development for over half a century ; Sir 
Andrew Noble, Bart., Hon. Vice-President ; Mr. 
Henry Morgan, Hon. Vice-President, formerly Hon. 
Treasurer, and an original member of the Insti- 
tution ; Professor V. B. Lewes, Honorary Vice- 
President ; Mr. E. C. Carnt, Member of Council ; 
Mr. Sydney Young, one of the few remaining 
original members of the Institution ; and Mr. J. B. 
Herreshoff, the well-known American yacht-de- 
signer. The following had lost their lives on active 
service :—Major H. R. Chapman, Captain W. M. 
Macmillan, members; Lieutenant T. L. Buain- 
bridge, Engineer-Lieutenant William Black, Mr. 
George Jackson, associate members ; and Mr. Roy 
M. Fernie, student. 

The President of the Board of Trade has appointed 
Committees to consider the position of certain 
important British industries after the war. On the 
Committee dealing with the shipping and ship- 
building industries the following members of the 
Institution have been appointed:—Sir A. A. Booth, 
Bart. (Chairman), Sir Archibald Denny, Bart., Mr. 

W. S. Abell, M.Eng., and Mr. James Read- 
head. The Institution of Naval Architects Scholar- 
ship had been awarded to Mr. T. 8. D. Collins, 


of Pembroke Doc 
course at the Roy 
A donation of 1001. to the Scholarship Funds of the 
Institution had been made by the Earl of Durham, 
K.G. (President-Elect). 
of the Institution for the past year had been 
awarded to Mr. A. W. Johns, R.C.N.C., for his 


the Premium to Mr. J. L. Kent for his paper on 
‘* Further Model Experiments on the Resistance 
of Mercantile Ship Forms.” The Secretary (Mr. 
R. W. Dana) has, with the consent of the Council, 
given his services since last August as secre’ to 
the department which is under the direction of Mr. 
Charles Ellis (Honorary Treasurer) at the Ministry 
of Munitions. 


report of Council, which was carried unanimously, 
stated that a 
him by his being selected to thank the Marquis of 
Bristol for the great service he had rendered the 
Institution by acting as their President during the 
last five years. 
career as a British naval officer, retiring as. an 
Admiral after a service of 34 years. He had won 
the Beaufort test early in his career, and when 
later he was passed 
letter from the Admiralty congratulating him upon 
having received the record number of marks. In 
the same year as he retired from the Navy, 1911, 
he was elected as their President, so that he con- 
tinued to serve his country for another five years. 
He had presided over the jubilee meeting of 
1911, when naval architects from all over the 
world were present, and the Institution owed 
a great debt of gratitude to Lady Bristol for 
the very kind way in which she had acted as 
hostess on that occasion and on the occasion of the 
summer meetings. The Council alone could know 
fully what was the extent of Lord Bristol’s ser- 
vices to them, but the members would not fail to 
have noticed that his attendance at the meetings 
had always been constant and that he seldom had 
given a chance to any vice-president to occupy 
the chair. His 
been delivered quite openly, without fear of any 
possible consequences. e 
opportunity of 
on its behalf and on that of all themembers, a framed 
water-colour sketch by Gribble, giving a short 
address and the si 
Council. He (Sir Archibald) asked Lord Bristol 
to accept it with the Institution’s sincere thanks, 
ope! with the expression of the hope that he and 


mark of the appreciation of the 
which he had rendered to the Institution during 
his period of office as President.”’] 


that his more intimate connection with the In 
tion had come to an end ; it had been a most plea- 
sant connection, and in future he would have to seek 
other ways still to serve his country. He could 
not thank them too much for the very kind way in 
which Sir Archibald Denny had presented on 
behalf the picture referred to. —— coming 
from the artist Gribble was sure to good. He 
(Lord Bristol) had in his possession a sketch drawn 
by him in five minutes, depicting a destroyer, 


could do for the 
a foe which does not stick to honourable means of 
carrying on a fight. 
tinue as he could sa 


» who is following the’ 
Naval College, Greenwich. 


The Annual Gold Medal 


per on ‘‘A Comparison between the Results of 
lier Experiments in Air and Water ;” and 


PRESENTATION TO THE Marquis or Bristow. 
Sir Archibald Denny, after the reading of the 


t honour had been conferred upon 


He had had a most distinguished 


as gunner, he had received a 


presidential addresses had always 


Council took that 
presenting to him, Lord Bristol, 


ture of every Member of 


Bristol would be s 
[The address stated 


red many years. 
at it was presented ‘‘as a 
eat services 


Lord Bristol, in responding, said he was grieved 


stitu- 


ir 


which afforded an illustration of what the Fleet 
ion of all we held dear from 


May our own Navy still con- 
it had done since he 
joined it in 1877. e Institution, which had 
onoured him five years ago in appointing him its 
President, was a microcosm of the whole country, 
and, he added, ‘* Would to God that the Govern- 
ment, who have such institutions as this grovelling 
at their feet to help, would take advantage of them 
and put their whole back into the work which has 
to be done in order that we may, as we shall, come 
out triumphantly at the end of this great struggle.” 
Sir Archibald had stated that he (Lord Bristol) 
always spoke what he thought; he hoped he 
always would. Sometimes the terms he had used 
in regard to what the Government should do did not 
commend themselves to all his hearers; he had 
spoken, among other things, of what an aerial 


fleet should do to meet the enemy, and in one 
instance Admiral Noel had said that a speech of 


his was « rather bellicose speech. 
Bristol) remained an unrepentant sinner. He was 
first and foremost an Englishman, and if anyone 
attacked this country he would do absolutely all 
that was in his power to uphold this country. He 
laid great hopes upon the Institution. What it had 
done in the past was so much to the good, it would 
continue to prosper, and with its aid this nation 
would remain the 



















































so fortunate as to obtain the Earl of Durham’s 
acceptance of the presidency. The Earl of Durham 
was a man of the world, who had seen life and 
who knew how to use it. He had under his con- 
trol wealth, and men working under him, also large 
mining interests. He was on good terms with all 
his employees, and no better test than that could 
befound. He did not belong to the Naval Service, 
but he had a brother who at a time of great 
national stress had used to the fullest advantage 
the means at his di 
to Ladysmith and 
glad 
recently by the bestowal of the Order of the Garter, 
and was pleased to introduce him to the meeting 
as the President of the Institution from that day 
forward. 


after the names of the new Members of Council 
and of the new members of the Institution had been 
read b 
Gold 
to Mr. J. L. Kent, for their work already re- 
ferred to. 


Thomas Bell, 
Goodwin, R.N., and Messrs. J. Foster King, 
Andrew Laing, E. H. Tennyson 

and W. H. Whiting, UB. : 
Council re-elected or newly elected were : 
James Williamson, L 
Archer, R. R. Bevis, James Brown, P. T. Caird, 
P. A. Hillhouse, B.Sc., W. W. Marriner, D. B. 
Morison, A. W. Sam 
C. E. Stromeyer, J. 
as Associate Members of Council: the Marquis of 
Graham, C.B., C.V.O., Sir Alfred A. Booth, Bart , 
and Mr. J. M. Falkner. 


members would not expect him to deliver any 
formal address at this meeting, he could not 
let the occasion pass without expressing his full 
appreciation of the honour they had done him in 
selecting him for their President. 
difficult to act asa successor to Lord Bristol, but 
if a good will went to make a good President, he 
felt he would be one, and he trusted they would 
be lenient in regard to his shortcomings. 
an excellent remembrance of the Newcastle meet- 
ing of 1914, and he felt he could rel 
kind consideration of the members. 


lad 
had decided to hold its meetings as usual. 
a characteristic of the British spirit. It was im- 









But he (Lord 



































































mier nation upon the ocean. 
He congratulated the Institution for having been 


1: he had taken the guns 
saved the situation. He was 
is Majesty had honoured Lord Durham 


Tae Orrice BEARERS, 
The Earl of Durham then took the chair, and 


the Secretary, he presented the annual 
edal to Mr. A. W. Johns and the Premium 


The new Vice-Presidents elected were: Mr. 
Engineer - Rear - Admiral G. G. 


D’Eyncourt, C.B., 
; the Members of 
Sir 
C.B., and Messrs. W. D 


n, R. L. Scott, John Smith, 
. Thornycroft, W. Weir ; and 


Tue Eart or Dournam’s AvDREss. 
The Earlof Durham then said that although the 


It was certainly 


He had 


upon the 
© was very 
that notwithstanding the war, the Institution 
It was 


possible to disguise the fact that the situation had 
greatly altered since those days, two years x 
when the Institution met in the ooh. At the 
present time one paramount duty was before the 
whole nation, and that was vigorously to prosecute 
the war until a satisfactory solution was reached. 
He remembered that among the discussions at the 
Newcastle meeting there been one on sub- 
marine warfare; the problem then was one of 
theory and conjecture, but submarine warfare had 
since entered into the realm of actualities. The 
papers on the subject which had then been read 
were well timed and were almost of a prophetic 
nature. The fact that this and other naval sub- 
jects were being continuously discussed afforded 
a proof that we were not satisfied to rest upon our 
oars, but that we were constantly alive to all new 
methods. Our naval architects had no better 

ride than to turn out everything destined 
or the Navy of the best possible quality, and 
in this we were reaping the rew of years’ 
of good work. We all admired our sailors; we 
always trusted them, for we fully knew that they 
never —— = us within mn of human 
possibilities. It was impossi ‘or us to express 
to the full the gratitude we felt to our naval men, 
mercantile men, naval volunteers and fishermen ; 
theirs was one long story of heroism, skil] and 
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dogged endurance, and when the end of the conflict 
came he felt sure that the Institution of Naval Archi- 
tects would also be able to claim having done its 
share in the work. It would then be able to return 
to its ordinary -time avocations, and he hoped 
he would be able to share in the congratulations 
which the Institution would then receive. He ex- 
pressed again his thanks to the members for his 
nomination ; when no higher duties called him 
away they could count upon him, and he knew he 
could count upon them. 


Tue Loap-Lines or Mercaant Suips. 


The meeting then passed to the consideration of 
Sir Philip Watts’s paper on ‘‘‘he Load-Lines of 
Merchant Ships; Work of the Load-Line Com- 
mittee (1915),” which, at the request of the author, 
was read in abstract by the Secretary. We repro- 
duce it in full on page 348. 

The second paper, on ‘‘ Some Questions in Con- 
nection with the Work of the Load-Line Com- 
mittee,” by Mr. W. S. Abell, M.Eng., was then 
read in abstract by Sir William E. Smith, in the 
enforced absence of the author owing to illness. 
We reproduce it also in full on page 361. 

The two papers were taken together for discus- 
sion. This was opened by Sir J. H. Biles, who 
stated that the paper by the Load-Line Committee 
was the result of a good deal of honest work. It 
took a broad view of the whole situation in regard 
to freeboard ; it was most interesting, and brought 
us well up to date in the matter. The question 
of freeboard was a very indefinite one at one 
time, as some members present could remember ; 
but it had been dealt with by successive com- 
mittees and workers, who had now finally brought 
it to a point which was satisfactory to naval 
architects. With reference to the paper by Mr. 
W. 8S. Abell, he regretted that the author was 
unable to attend the meeting. The question of 
the strength of ships was one which lay at the 
root of the naval architects’ and shipbuilders’ 
work. His attempt to give a suitable standard of 
structural strength was admirable. In the past 
naval architects had been largely guided by the 
rules set down by the registration societies, and 
Mr. Abell’s method would imply that we should 
adopt the scantlings of the registration societies as 
being satisfactory. This obviously led to doubts 
in the minds of those who did not always _ 
with registration societies in the matter. The 
difference between the practical method of accepting 
registration scantlings and the scientific one was 
that in the latter an attempt was made to obtain 
the bending moment coming on the ship; this was 
dependent upon the wave the ship had to meet, 
and on the distribution of the load in the ship. 
Both varied. Some people based the calculation 
upon a standard wave and a homogeneous cargo. 

hat was te be done was obviously to provide good 
material and sufficient of it to resist stress. The 
distribution of longitudinal stress varied as the 
bending moment. It could be calculated and the 
variations in the bending moment due to the distri- 
bution of weights could be found. But the distribu- 
tion of the wave surface was not known. Mr. Abell 
had proposed to substitute for the formula ? = - 

y 


the one Sa — . It was clear that M would 


“Bi 
vary at sea according to the loading of the ship. 
The assumption that I was satisfactory involved 
y 


that p varied sccording to M. The x might be 
well satisfied and yet a high stress be upon the 
material. One had to assume that the material 
was wearer yy ween to meet all variations. The 
fundamental difference between what Sir J. H. 
Biles called the ‘‘ older method ” and the one put 
forward by Mr. Abell was that no attempt was 
made by the latter to take into account variations 


in the forms of the ship ; the same : was used for 


fine-lined ships and for those of the cargo \. 
The method put aside the scientific view ele 
qantas | this might be due to the fact that the 
Jommittee consisted largely of members of regis- 
tration societies, rather than of i 
tific men. Beyond that he had nothi but 
admiration for paper. Mr. Abell had t with 
the See of transverse strength, which was 
difficult, in a way which, with our present know- 


t scien- 


Sir William E. Smith here interposed, with 
reference to the constitution of the Committee, 
that it was true a large number of its members 
were members of registration societies. The load- 
line problem involved a large number of questions 
to be considered with a view to assisting the 
of Trade, and it was n that the points dealt 
with should be put forward as being usable by the 
registration societies. Sir William then read short 
abstracts from an official report of the Committee 
on the Determination of Strength, adding that they 
had found Mr. Abell’s formula to give results prac- 
tically similar to those obtained at the ‘Admiral aq 

Sir Archibald Denny, who followed, said his 
position in the matter was, perha) a little 

liar, since he happened to be chairman of the 
ulkhead Committee. He would add that when 
the Load-Line Committee was first constituted, and 
for many months after, Mr. Abell was a Professor, 
and its work was practically completed before he 
was appointed at Liloyd’s; at the outset he was, 
therefore, an independent naval architect. As for 
himself, he was originally a very active member 
on the registration societies, but now he reckoned 
himself as being quite an independent naval archi- 
tect. He complimented Sir Philip Watts and 
Mr. W. 8S. Abell upon having completed their 
labours, and he complimented also the whole 
Committee upon the good work they had done. 
Sir Philip’s historical description of the freeboard 
question was of the highest value. The revision 
of the Freeboard Tables was strongly pressed by 
the 1898 Committee. The skill of the chairman of 
the Load-Line Committee had been shown by the 
fact that a unanimous report had been arrived 
at. He joined with Sir J. H. Biles in hoping that 
the new Council would devote funds to solving 
the knotty point as to the relative strength 
of full and fine vessels. All ships were one of 
two large classes, either flush decked or having 
erections, and it was evident that, apart from 
the question of stability and comfort on board, if 
the ship were so constructed that no water could 
enter, the question of freeboard did not come in. 
Submarines, for example, navigated safely, whilst 
as to comfort that could not be said to be a feature 
of that craft. He was sorry that Mr. W. S. Abell, 
who had been working for so many years at the 
problem, could not be present and receive the 
praise that was his due. 

Mr. P. A. Hillhouse, who asked for explanations 
in regard to several of Mr. W. S. Abell’s formule 
and statements, was followed by Mr. J. Foster 
King, who said that the Committee had torn down 
the veil of secrecy, giving methods and reasons, and 
had stated how their results had been arrived at. 
The real question being safety, comfort being only 
relative, they had done all they could to conserve 
the British mercantile marine. 

Professor Welch expressed the view that the 
difference of opinion which existed was one rather of 
form, of words rather than of substance. When, for 
example, Mr. W.S. Abell stated in one part of his 
paper that ‘‘....the strength should vary as 
the draught d,” the word ‘‘strength,” whieh a 
speaker had objected to, was perhaps not the exact 
word to use. The real standard strength of a 
structure was indicated by the ratio which the 
actual stress on the material bore to the strength 
of the material, and what Mr. Abell had in 


I should vary as the draught d. 


view was that - 
y 

Mr. Abell had said that with increased size the 

shearing stress also increased ; he (Professor Welch) 

had found that very approximately true. 

Sir Philip Watts did not agree with the criticism 
of Sir J. H. Biles, and he hoped he would change 
his mind when he looked further into the paper. 
Mr. W. 8. Abell was to be congratulated upon his 
work, and he (Sir Philip) thought it might be 
found suitable for international purposes. Calcu- 
lations were required, but experience also came in 
and must be used for comparative purposes. The 
merit of Mr. Abell’s work lay largely in the com- 
bination of the results of mathematical deduction 
with those derived from practical experience. The 
author’s method would be of very great service in 
the consideration of new ships. 

On the motion of the Chairman, the authors were 
awarded a hearty vote of thanks for their contri- 
butions. 

Sxiw Friction. 
The first paper to be taken at the afternoon 


ofa Fluid in Stream-Line and in Turbulent Motion 
along a Solid of Great Length.” In this paper the 
author, Professor C. H. Lees, of the East London 
College, has attempted in the first to establish 
a connection between the skin friction of a pipe 


Board | and that on the hull of a vessel, and, secondly, has 


advanced reasons for believing that the relative 
resistance of two different forms is in some cases 
much the same whether the fiuid motion be of a 
stream-line character or whether it is turbulent. 
For stream-line motion he has been able to solve 
in some cases the hydro-dynamic equations which 
express the relative resistance of bodies of different 
forms. Froude had, the author stated, adopted a 
formula for the skin friction of the form F=f A V", 
where f was a constant depending on the nature of 
the surface, the wetted area of which was denoted 
by A, and the velocity of motion through the water 
by V. This formula had been applied to cover cases 
ranging from planks 19 in. wide up to Atlantic liners 
of the largest size. A similar law had, the author 
stated, been used to express the friction of pipes, 
but it was found that, to agree with experiment, », 
must be increased at high values of V. The author 
had, however, found that all experiments on pipe 
friction, whether made with air or water, fe be 
expressed as a ‘‘two-power ” formula. Thus, denot- 
ing by A the area of the surface, by p the density 
of the fluid, and by v its velocity, then, if » were 
the kinematic viscosity, the resistance was :— 


F=Ape[a+o/( ")} 
ae 


— og values a = 0.0009, b = 0.0765, and n 

The term in brackets was independent of the 
units used, provided these were consistent inter se. 
Thus, if the viscosity were expressed in dynes per 
sq. cm., the velocity must be taken in centimetres 
per second and the diameter in centimetres. The 
expression held for all fluids, provided that the 


quantity 73 were greater than 3000. A closer 
v 


approach to the problem of ship resistance was 
afforded by the resistance offered by a long body 
fixed in a pipe to the fluid flowing past it. The 
theory of stream-line motion showed that in this 
case the resistance of a body of elliptical sec- 
tion was equal to that of a body of circular 
section when twice the diameter of the circle 
was equal to the sum of the principal axes 
of the ellipse. With a very elongated ellipse 
which oak. be approximately equivalent to a 
thin plank, the diameter of the equivalent cylinder 
was half the width of the plank. Hence for equal 
wetted perimeters the plank resistance was 0.785 
that of a cylinder. Making allowance for this, a 
comparison with Froude’s experiments on the fric- 
tional resistance of planks showed a good agree- 
ment with that calculated from the author's 
formula, which for water, taking v in centimetres, 
reduced to ‘ 
0.35 
F = vf {2.10+12.2/ . ) } °.g.8. units, 

v being expressed in centimetres per second. The 
above theoretical result, the author pointed out, 
was in accord with Kent and Baker’s discovery 
that the value of f in Froude’s formula was 28 per 
cent. more for a circular section than for a flat 


Another deduction from the formula was that 
if approximate formule of the type F=/ A v" be 
ona the value of n is less for the model than for 
the full-sized ship. In the latter it becomes nearly 
2 for speeds of 26 knots per hour. It further 
follows from the theory that whilst temperature 
changes have a material effect upon the resistance 
of a model, that of a full-sized ship is practically 
unaffected. Another conclusion arrived at was 
that the increase of skin friction due to bilge- 
keels was less than would be calculated on the 
usual assumption that the increase was directly 
proportional to the additional wetted surface, a 
result which received some confirmation from 
Froude’s experiments on the Greyhound. More- 
over, if the were increased in the one case 
by constructing a channel in the skin, and in 
another by adding a bilge-keel of equal area, the 
resistance offered by the latter would be consider- 
ably the greater. 

t+ was decided to postpone the discussion on 
Professor Lees’ paper until Mr. G. S. Baker's 
per on “ Skin-Friction Resistance of Ships and 

Useful Knowl of the Subject ” had been 








ledge, could not have been improved upon. 





meeting was entitled ‘‘The Laws of Skin Friction 





read. In this paper Mr. Baker stated that whilst 
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the various experiments made on the friction of 
smooth planks were in fair accord, the experiments 
on very short lengths of plank showed discrepancies. 
Thus for a plank 2 ft. long, coated in the one case 
with tinfoil, and in the other with paraffin, the 
value of » in Froude’s formula was 1.95 for the 
paraffin and 2.16 for the tinfoil. The two surfaces 
to the touch were equally smooth, and with planks 
20 ft. long the value of » was the same for both. 
He attributed the discrepancy to a change in the 
character of the motion, equivalent to that expe- 
rienced in pipe experiments, when the velocity 
passed through its critical value. Hence he felt 
justified in ignoring results obtained with very 
short lengths of plank. One deduction to be 
drawn from the feregoing was that in ship-model 
experiments errers might be feared if the value 
of V L was too low. The mivimum limit was 
V L = 40, or 240 fc. per minute for a 10-ft. model. 
Fewer experiments were available with solid sur- 
faces. Such results as were to be found showed 
that at low speeds full-bodied models had a resist- 
ance higher than that of a plank by some 5 to 15 

rcent The assumptions usually made in calou- 
lating skin friction were :-— 

1. That the resistances of a solid body and of a 
plank of the same wetted area and length were 
sensibly the same. 

2. That the resistance of long planks at high 
speeds could be calculated from that of short 
planks by Froude’s formula. 

3. That the quality of a ship’s surface was the 
same as that of a smooth plank. 

It appeared, however, that (1) was only sufli- 
ciently exact in the case of long models, and that 
the body form had an increasing effect as the pris- 
matic coefficient rose. Indeed, if the theoretical 
stream velocities around any solid form were calcu- 
lated, it appeared that the mean value of the 
rubbing velocity was generally greater than that 
of the form itself. With regard to assumption (2), 
the law of dynamic similarity indicated that the 
actual skin friction of ships should be less than if 
calculated on this assumption. In the case of 
a ship 600 ft. long, running at 20 knots, the old 
method gave 10,300 horse-power as the power 
absorbed, whilst from the law of dynamic similarity 
9000 horse-power was derived. The Greyhound 
experiments, it was true, showed a loss in skin fric- 
tion 20 per cent. more than calculated by Froude, 
but the difference was attributed to the roughness 
of the bottom. As for assumption (3), all reason- 
ably smooth models gave equivalent results, but in 
practice a ship’s hull surface was broken up by 
the heads of the rivets and the butts of the plating, 
which must increase the friction. Experiments 
been made at the National Physical Laboratory 
with models having plate edges to scale, repre- 
senting }-in. plates on a 400-ft. ship. The increase 
of resistance was 3.7 per cent. In another series of 
tests the increase was 10.3 per cent. with a prismatic 
coefficient of 0.63, whilst with a prismatic co- 
efficient of 0.82 the increase was 8 per cent. at low 
speeds and 12 per cent. at high. In this case 
removing the butts over the first one-eighth of the 
length reduced the figures to 4.8 per cent. at low 
speeds and to 7.2 per cent. at high ones. Tests of 
a Newcastle steamer showed an increase of 20 
cent. in the resistance after three months without 
docking. Tests made at the Washington Tank 
of a plate fouled by immersion showed an in- 
crease of 220 per cent. in its resistance as com- 
pared with that of a smooth plate. As growth 
is slow in cold water, the author suggested 
that coasting ships in these latitudes should be 
cleaned and painted in Octover or November, 
whilst a new coat about May or June would check 
adhesions during the warm weather. 

To make tank experiments directly comparable 
with those on full-sized ships, the roughness of 
the model should be similar to that of the ship. 
Hence a 3-in weed growth on the ship would « 
represented ona scale of ;4, by a growth 0.15 in. 
long. Tests thus made, however, led to over- 
estimates of the ship resistance. 

The Secretary then read the following letter 
from Mr. R. E. Froude :— 





frictional force, which in turn it satisfies by the momentum 
of the speed which has been imparted to it. This belt of 
fluid. from the nature of the case, progressively increases 
in effective thickness, with increasing distance sternward 
from the leading end of the surface ; and this progressive 
increase in thi is necessarily accompanied by a 
corresponding decrease in the rate of shear in the fluid, 
and therefore also in the frictional force per unit of sur- 
as 7, the first few d f length of lead. 

ow, in the first few diameters o! & pipe - 
ing, say, out of a cistern, there will exist a 
similar character to this; but in all pipe experiments on 
skin friction such portion of the pipe is carefully excluded 
from the region of observation, expressly in 
exclude the presence of any such phenomenon, and 
thereby to ensure that the rate of shear in the fluid and 
the concomitant frictional force per unit of surface area 
shall be uniform throughout the length of the pipe con- 
sidered. Thus we have there a system of established and 
unchanging motion, with frictional force satisfied, not as 
in = water, by the imparting of momentum, of which 
in this = there is —, but by « uniform statical 
gradient of pressure along the pipe. 

In the mechanics of skin friction, everything obviously 
depends on the rate of shear in the fluid, and its distribu- 
tion nominally to the frictional surface ; and in respect of 
the conditions ing these two factors there is for 
the above reasons every difference between the two con- 
trasted phenomena of friction between pipe walls, on the 
one hand, and open water friction on the other. And, 
among other things, there is this specific difference in the 
upshot, that while in the pipe the rate of and con- 
comitant friction per unit area depend on the speed and 
on the diameter of the pipe, in open waters these things 
depend on the speed and on the length of the surface. 

do not wish to suggest that pipe skin friction observa- 
tions can be of no assistance in study of open-water 
skin friction. On the contrary—and that in virtue of the 
very peculiarities of the pipe skin friction phenomena 
above adverted to—it seems that pipe skin iriction ex- 
periments afford special facilities for the empirical study 
of the main factor in the problem, namely, the relation of 
rate of fiuid shear to concomitant shear stress, under 
various conditions of flow ; and, as an instance of this, I 
would point to the ie eee described by Dr. 
Stanton in his Roy: iety my add June 29, 1911.* 
Once adequate knowledge on this has been obtained, 
it does not seem in the nature of things impossible to 
apply such a synthetically to the conditions of 

@ open-water problem. 


The discussion was opened by Mr. Barnaby, who 
expressed the view that experiments on the effect 
of skin roughness would be the most important that 
could be made at the present time. The propulsive 
coefficient of modern Eetmigene was distinctly lower 
than that of their predecessors. There was a ten- 
dency to attribute the whole of the defect to the 
use of high-speed propellers, but the speaker 
thought that it was, at any rate, partly due to the 

tly increased roughness of surface which had 
followed the adoption of high tensile steel for 
the plating. In the old days rivets were flush with 
the surface ; this was no longer practicable. 
There were regulations as to the amount of 
protrusion, but the limit fixed was a lower limit, 
to which it was impossible to adhere, so that the 
fulness of head was always greater than that 
specified, being thus always on the wrong side. He 
would suggest to Mr. Baker that an impression 
might be taken from the side of a destroyer, and 
a model of this made to scale, and its frictional 
resistance tested. He would not predict the result ; 

t, although he was told that a pimply golf-ball 
had its advantages, he was very certain that a 
pimply hull had none. With to Dr. Lees’ 
paper, he was interested in the conclusion that 
temperature effects were nil in the case of actual 
ships. This accorded with his own experience, 
which was that, although a temperature effect could 
be observed in tank experiments, there was none 

reeptible in the behaviour of actual ships. He 
Pad also been struck by Dr. Lees’ suggestion that, 
if the surface of a ship were constructed with a 
channel in it of the same area as that which would 
be offered by a bilge-keel, the skin friction would 
be less. In actual practice this had not been 
observed, the reason being perhaps that channels 
in hulls were only used to accommodate a propeller, 
and the relative speed of the water over the sur- 
faces was accordingly increased. 

Professor T. B. Abell, who spoke next, suggested 
that by determining total resistance curves for two 
models over a long range of speeds it should be 
possible to separate out the parts ively due 
to wave-making and to skin friction, even if the 
exact law by which the latter varied were unknown, 
since the edayin resistances would follow the law 
of dynamic similarity. aa the equations in- 
volved might, in ice, be difficult to solve, but 
a mathematical co e had informed him that the 
* Proceedings of the Royal Society of Architects, 
vol. Ixxxv, page 368. 
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plan was sound theoretically. He would suggest 
that Mr. Baker’s method of comparing the rough- 


ness of a model with that of a ship was only ap- 
plicable to that proportion of the total resistance 
which was governed by the law of dynamic simi- 
larity, and did not apply when making corrections 
for skin friction by means of the usual formule. 
Professor Dalby observed that many of the 


of | @dvances in the methematics of stream-line motions 


made use of in Professor Lees’ 


were due to 
Professor Lees himself. 


Moreover, the latter had 


to! not merely worked out the mathematics, but had 


also shown how his results might be applied to 
the special problems of the naval architect. In 
future discussions of skin friction it would be im- 

ible to neglect this paper of Professor Lees. 

e would ask that author if the index in his for- 
mula had in all cases the value 0.35. He would 
further ask him if he could add to the paper a 
table of kinematic viscosities expressed in engi- 
neers’ units. So far as stream-line flow was con- 
cerned Professor Lees had effected a distinct 
advance ; but, as stated in the paper, there was no 
mathematical theory applicable to the turbulent 
flow, with which they were mainly concerned. 
He would suggest, therefore, that great advantage 
would result from large-scale experiments on the 
towing resistance of ships. hy not take the 
Mauretania and set her to tow other selected vessels? 
The only difficulty was the expense, but in view of 
the value of the results the experiment would, he 
thought, be well worth while. It would settle in 
a large measure the question of ship resistance. 

Sir William E. Smith thought that the papers 
showed a good combination of mathematics and 
practical common-sense, the conclusions being set 
out in such a way that practical men could deal with 
and use them. His own mathematics were insufii- 
cient for him to deal with Dr. Lees’ paper, but that 

ted by Mr. Baker added to the abun- 

t evidence of the good work done at the Froude 
Tank. This had now been in existence some years, 
and an excellent report of valuable work had been 
sent in yearly to the Royal Society, and this year 
was no exception to the rule. Sir Alfred Yarrow 
did not like references made to what was owed him 
for the establishment of this tank. Apart from the 
work done there, however, our knowledge of the 
matters discussed that afternoon would have been 
much smaller than it actually was. He would ask 
all wealthy firms to assist in the work by devoting 
to it some of whatever surplus Mr. McKenna might 
spare to them. The tank had a very efficient staff, 
and Mr. Baker had proved a most able superinten- 
dent, skilled not merely in getting the work done, 
but in preventing this work from being merely filed 


away and pi -holed. 

Sir Archibald Denny said that his experience 
was that a considerable ‘*‘ bump” ina ship form 
did not add to the resistance unless it was very 
‘*sudden.” As for changes of temperature, he was 
inclined to believe that they did affect the resist- 
ance of full-sized ships, and it was his practice to 
correct for it. 

In reply, Professor Lees said that he fully recog- 
nised the point advanced by Mr. Froude that the 
flow in pi did not exactly correspond to that 
of a cylinder dragged through a fluid. In fact, he 
had had this in his mind ee His object 
in drawing a parallel between the two was meant 
ialalgeoko suggestive and to show naval architects 
that some connection between the two must exist 
which would be useful when properly determined, 
and would in that case be, moreover, exact. Mr. 
Froude had raised the point that the shape of 
the hull made no difference, but this conclusion 
was contradicted by Mr. Baker's resulte, which 
qualitatively, at any rate were in accord with the 

er’s deductions. The theory he had worked 
out showed that the resistance of a surface when of 


circular form was “ times as great as that of an equal 
T 


flat area. Mr. Baker’s experiments showed that 
there = a cree ee in oo two cases, and from 
the er’s point of view this was very im t. 
Mo van tatenestod to learn from Mr. ieome 
that it was impossible to detect any effect of tem- 
perature on the resistance of actual ships. Thie, 
again, was in accord with what would have been 


anticipated from the ’s formula. As to 
Professor Abell’s su that the skin-friction 
effect might be out from curves of total 
resistances determined for two models, this was 


theoretically practicable. In fact, from the effi- 
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ciency curves of dynamos and motors, it was 
aanithe to deduce which of the losses varied 
with the first power of the current, and which 
followed the second power law. The difficulty in 
making a similar analysis of the total resistance 
curves of ship models lay in the near eg Oe 
the two powers of the velocity involved. e 
index 1.8 was so near to 2 that it would be im- 
ible to place much dependence on the results. 
reply to Professor Dalby he might say that the 
index was constant in his formula. He would be 
glad to add to his paper a table of kinematic vis- 
cosities expressed in engineer’s units. As to the sug- 
gestion for further towing experiments, he had him- 
self proposed that experiments of this kind should 
be made with submarines, thus getting rid of the 
resistances due to surface waves. Experiments of 
this kind would give a great deal of information, 
as nothing was now available between results ob- 
served with models 16 ft. long and those recorded 
with full-sized ships. The data obtainable on tow- 
ing a submarine some 200 ft. long would therefore 
rovide some interesting information. _ In conclud- 
ing, he would like to congratulate Mr. Baker on 
his courage in publishing results showing that skin 
friction was not independent of hull form, when 
there was a general belief to the contrary, 

Mr. Baker, in his reply, expressed his thanks for 
the many appreciative remarks on the work done at 
the Froude tank, As to Mr. Barnaby’s tion 
to make a scale model of the actual face of 
a destroyer, this would not be an easy matter. 
Full-sized rivet heads could be seen and handled, 
but when reduced to a scale of 3, they became 
very small. He did not see his way to getting 
exact similarity, but the difficulty might be got 
over, and he would in that case be very glad to 
make the test. If the resistance of such surfaces 
followed the law of dynamic similarity, the view 
taken in his paper as to relative roughness o 
model and original was correct, but he could well 
imagine surfaces so rough that no law of resistance 
would apply. He understood that experiments on 
turbulent flow were in ——= at the East London 
College, and he would ask Professor Lees if 
he could not add to his paper some statement of 
the results so far attained. There was, of course, 
no rational basis for the step taken in Professor 
Lees’ paper from the stream-line flow to turbulent 
flow, so that experimental support would be of 
special value. 

Briee-Keets. 


A paper by Professor T. B. Abell, on ‘‘ Experi- 
ments to Determine the Resistance of Bilge-Keels 
to Rolling,” was next read. In this paper the 
author recalled the fact that the effect of bilge- 
keels in checking rolling was found to be far 

ter than was anticipated, as the result of 
roude’s experiments e with a submerged plate 
oscillated in a direction at right angles to its 
plane. The explanation of the discrepancy was, 
the author stated, first given by Sir Philip Watts, 
who expressed the view ‘‘ that the excess of the 
resistance in the case of bilge-keels over that of a 
plane moving through water at right angles to 
the plane is doubtless mainly due to the moment of 
the pressure produced upon the hull of the ship in 
the vicinity of the bilge-keels ; it will readily be 
seen that the effect of these pressures will depend 
upon their direction and position with regard to 
the axis about which the ship is rotating, and 
therefore upon the shape of the bottom.” The 
object of the author’s’ experiments was to clear 
up some of the phenomena involved. The ex- 
riments were made with a rectangular prism 
in. square and 12 in. long, immersed in water 
with its axis vertical. This prism was hung by a 
-in. rod from a tray having a trifilar on 
t was pets vues te about a vertical axis, and 
the rate of decrement of the swing observed under 
different conditions. By p'acing weights on the 
tray the forces producing vibration could be varied. 
A layer of planks above the prism, but slightly 
below the surface of the water, prevented the pro- 
duction of surface waves by the oscillations made. 
The tank was sufficiently large to prevent its 
boundaries having any very marked effect on the 
rate at which the energy of the oscillation was dis- 
sipated. The bilge-keels were secured to the 
corners of the prism, and provision was made for 
introducing into the water fine streams of 





cluded (1) resistance experiments and (2) “*period ” 
experiments to determine changes of equivalent 
mass inertia. The experiments showed that the 
damping resistance could for large amplitude be 
expressed reasonably well by the relation 


_ fae 
R=" (Ti): 


where R denotes the damping resistance and 7; 


the angular velocity of the swing. It was found 
that the bilge-keels produced a resistance equal to 
five times that of the block without the keels. The 
second series of experiments showed that without 
the bilge-keels the apparent increase of mass was 
28.5 per cent., whilst with the bilge-keels it was 
72 cent. The former figure had, since the 
writing of the paper, been confirmed by a theo- 
retical investigation made by one of the author’s 
colleagues, who had calculated the — in- 
crease of mass during the oscillations of the square 
prism as 27} per cent. 

The discussion was opened by Mr. Cannon, who 
suggested that it would have been better to start 
the experiments with a circular cylinder in place of 
with a square prism, as in that case practically the 
whole of the damping would be due to the keels. 
He quite appreciated the difficulty found by the 
author in making observations with the keels 
removed, as he had met with the same difficulty in 
ok yang made at Glasgow University for Sir 
John Biles. He asked what was the size of the 
keels used, and had they sharp or rounded edges. 
He would observe that in ships the period only 
diminished with increasing amplitude, if the Gz 
curve was of appropriate shape. If the value of 
G « increased more rapidly than sine 6, the period 
would be greater at e than at small angles of 
roll. He was not surprised that the apparent 


f | displacement due to the bilge-keels was as much as 


72 per cent. In fact, if the true displacement of 
the prism were reduced to zero, the percentage 
would rise to infinity. 

Mr. G. S. Baker, who followed, considered the 
author’s a very ingenious way of separating out one 
portion of the work done in extinguishing the roll 
of a ship. It provided, in short, a means of 
separating out and studying the vortex motion, 
which went on behind a bilge-keel free from any 
disturbances due to wave formation. He considered 
the results very interesting. 

Sir William E. Smith said that the paper de- 
scribed an experimental investigation eon a 
body entirely submerged, the object being a deter- 
mination of the probable resistance of bilge-keels 
as applied to actual ships. Bilge-keels were put 
on to passenger and warships in order to check 
rolling, which was a serious problem in the case of 
warships forty years ago. A most useful check on 
rolling was the water-chamber introduced by Sir 
Philip Watts, which was very effective at small 
angles of roll, and when fitted greatly helped 
gunnery practice. Later on these chambers 
— abandoned in favour of bilge-keels. 
shi 
an 


As 
continued to grow in size more and more, 
weights were added further and further, 


from the centre line, designers n to doubt 
whether yo gg of practicable size could pos- 
sibly be effective. None were accordingly pro- 


vided for the Revenge in view of the large moment 
of inertia of the ship. An additional reason lay in 
the circumstance that the fitting of bilge-keels to a 
large ship reduced the number of docks into which 
she could be taken for repair in case of need. It 
was thought safe, therefore, to omit the bilge- 
keels. @ experience gained on active service 
showed, however, that the ship did not behave as 
well as anticipated, and a close study of the bilge- 
keel was made accordingly. The experiments made 
on full-sized ships showed that the damping was 
far greater than the then theory had led them 
to expect, and further experiments were made to 
see how this came about. The speaker thought 
that Professor Abell’s work marked a great step 
forward in the matter of eee > Coes Se Conse 
tain whether bilge-keels would be of some good in 

i cases and not be merely a nuisance, and 

e trusted the study would be pursued. 

Mr. Woollard, who spoke next, raised the ques- 
tion as to whether the suppression of surface waves 
would influence the ts. On the usual theory, 
part of the damping was held to be due to the 
water thrown up to the surface by the action of 
the keels, and if none reached the surface it might 
be questioned whether the final result would be the 





same. He hoped the experiments would be con- 
tinued, as they would not fail to throw valuable 
light on the rolling of ships. 

Professor Abell, in reply, said that the keels 
fitted to his model were 4 in. deep. He had 
adopted the square form because this could be cut 
down to a circle later on. In: his experiments 
made at small amplitudes much of the resistance 
noted was viscous resistance ; but at large angles the 
resistance varied very accurately as the square of 
the angular velocity. He eed that in actual 
ships the bilge-keels produced disturbances which 
reached the surface and travelled out as waves. 
In his experiments, however, he had thought it 
best to avoid complications of this kind and to test 
one point at a time. 


An Expert™esTAL Tank Repropuctnc Wave 
” Motion. 


A paper on this subject was down for reading by 
Colonel G. Russo, R.I.N., and in the absence of 
the author was taken as read. Sir John Biles 
announced, however, that cinematograph views 
showing the working of the tank would be exhi- 
bited on Thursday afternoon. 

At the evening meeting on Wednesday the fol- 
lowing papers were read :— 

‘*A Brief Summary of the Present Position of 
the Marine Diesel Engine and its Possibilities,” by 
Engineer-Lieutenant W. P. Sillince, R.N. (ret.) ; 
**On the Co-ordination of Propeller Results,” by 
Mr. J. Denholm Young. ‘‘ Note on Maximum 
Propulsive Efficiency of Screw Propellers,” by T. 
C. Tobin. 

On Thursday, April 13th, the following papers 
were taken :— 

“* Sub-Division of Merchant Vessels; Reports of 
the Bulkhead Committee, 1912-1915,” by Sir 
Archibald Denny, Bart., LL.D. ; nee of 
Watertight Bulkheads,” by J. Foster King; 
**Some Effects of the Bulkhead Conimittee’s Re- 
ports in Practice,” by A. T. Wall; ‘* Notes from a 
Collision Case,” by John Reid; “ Shipyard 
Cranes of the Rotterdam Dockyard Company,” by 
M. G. de Gelder. We shall give a report of the 
discussion in a future issue, and reprint certain of 
the papers. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 29. 

THE gigantic preparations now being made for an in- 
creased supply of munitions and munition material in the 
United States for next year’s delivery in ae go 
very far to contradict any anticipations of an early ter- 
mination of the war. mt inquiries from abroad 
called for some 500,000 tons of material and supplies ; 
there is some delay in placing orders am | to rather 
extraordinary advances in prices because of uncertain 
future delivery. Among t inquiries from abroad 
are 10,000 railway cars, locomotives, and 150,000 
tons of rails. The present total of all foreign inquiries 
for wire and wire products total at least 800,000 tons, 
probably closer to 1,000,000 tons. 

The latest pig-iron-buying movement has ted 
upwards of 500,000 tons, in which Southern furnaces 
li y participated. The prediction appears in some 
quarters that average pig-iron quotations will in the not 
remote future reach 25 dols. a > and even higher pos- 
sibilities are openly hinted at. Further advances have 
been made in cold-rolled strip, steel rivets, wire rods, 
tin-plates, skelp, shafting, and bolts and nuts. Early 
delivery plates have ed as high as 34 to 4 cents. 
On account of such high prices there is a strong ten- 
dency to the use of concrete, which creates a demand for 
reinforcing-bars, Shipyards have quite recently suc- 
ceeded in placing orders for 250,000 tons of plates and 
sha) besides which there are about to be closed ten- 
tative inquiries for 20,000 tons for vessels. The 
entire steel market continues in a very strained condi- 
tion, advances appear to Le in sight. c 

Domestic demand is strong, but agreat deal of material 
urgently wanted cannot be secured excepting under con- 
ditions as to delivery, which leaves the consuming 
interests in a more or less uncertain frame of mind. 
Intense activity prevails in steel-rail circles because of 
the determination of most of the larger railway systems 
to cover their next year’s requirement at an early date. 
Rails are the only article on the list which have not been 
advanced, while prices on — other products have 
been much more than doubled. figures of rail orders 
placed during the past week or two run over 1,000,000 tons. 





AMERICAN SHIPBUILDING.—At the commencement of 
F , this year, there were 230 steel mercantile 
vessels building, or under contract to be built, in private 
American shipyards. The geographical distribution of 
the new tonnage under construction ma: 
follows :—Delaware River, 65 ships, 291,969 tons ; Chess- 
pay haan ht 421,406 tons ; Pacific Coast, 31 ships, 
73,178 tons ; the Lakes and sundry rivers, 64 sbips, 
141,168 tons; New England, 19 ships, 68,078 tons; and 
other districts, 8 ships, 4577 tons, 


be given as 
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MULTIPLE-SPINDLE SENSITIVE DRILLS. 


CONSTRUCTED BY 








MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 














Fie, 1. 


Wr illustrate above two examples of a line of 
multiple - spindle drills now being constructed by 
Messrs, Alfred Herbert, Limited, of Coventry. Fig. 1 
shows a four-spindle* machine with hand-feed, and 
Fig. 2 a two-spindle machine with a patented form of 
automatic feed, which will be described later. As will 
be seen, the spindles are each mounted on short 
columns bolted on to s substantial pedestal of box 
construction, having a wide base for bolting to the 
floor. The spindles, it_will be noticed, are s 
wider apart than is usual in multiple-spindle drills, so 
as to give ample room for operating them, a feature 
which considerably facilitates rapid working. The 
table, which is mounted on a slide formed on the 
pedestal, is self-sustaining, and can be moved up and 
down by a rack and pinion operated by a crank- 
handle. Two planed J -slote are provided for clamp- 
ing work or locating strips when jigs are used, and a 
suds channel is formed round the edge of the table 
for collecting the lubricant used in cutting. The 
machine illustrated in Fig. 2 shows this channel con- 
nected by a flexible metallic tube to the oil-pump 
reservoir placed behind the pedestal. Ologging of 
the passages by chips or dirt is rendered impossible 
by the firm’s patented method of forming the channels. 

The spindles are driven by belts from a counter- 
shaft at the back of the machine, the belts running 
over idler-pulleys clearly shown in both figures. The 
spindle-pulley is a two-step cone, and another jtwo- 
step cone is mounted on the counter-shaft for each 
spindle. Six spindle speeds can be obtained, since 
either of the steps of the countershaft cone can be used 
with either of the steps of the spindle-cone, and the 
counter-shaft itself is large enough to be used as a 
driviog-pulley for the two lowest speeds. The counter- 
shaft cone is arranged to adjust itself automaticall 
slong the shaft, so as to enable the belt to room | 
properly on its two steps, and the idler-pulley is 
Stepped so that when the belt is changed Sees one 
step to the other the slack is taken up and the belt is 
brought into line with either step of the spindle-cone. 
The idler-pulleys can be adjusted in a horizontal 
direction to take up the slack of the belts by means 





of screws operated by small hand-wheels visible in 
both illustrations. The counter-shaft runs on ball- 
bearings, and the loose pulley, which is also provided 
with ball-bearings, is desi so as to relieve the 
tension on the belt when the machine is not in use. 
The whole counter-shaft, with its cone-pulleys, is 
reversible, so that the driving-pulleys can be placed 
on either side of the machine. The belt-shifting fork 
can be operated by ball-handles, placed at the back of 
the machine on both sides. 

Three types of spindles are used with these machines. 
Those shown in Fig. | are plain spindles, with hand- 
feed, operated by rack and pinion by means of a double- 
ended hand-lever, which is held in a spring socket, so 
that it can be pulled out either way to a convenient 
length for the work being done. The spindles are 
adjustable in a vertical direction and can be clamped 
in any position; they are balanced by springs, and 
adjustable stops are provided to regulate the depths 
of the holes drilled. ‘The two other types of spindles 
are represented on the machine illustrated in Fig. 2, 
in which the left-hand spindle is plain and the other 
geared ; both are, however, fitted with the firm’s 
patent self-engaging automatic feed. With this feed 
the operator has only to pull down the feed-lever until 
the drill comes into contact with the work, when the 
automatic feed comes into action and continues to feed 
the drill into the work. When the required depth is 
reached, the feed is disengaged by means of a stop, and 
the drill is automatically withdrawn from the hole. 





It is thus possible for the operator to keep all the 
spindles of a multiple drill eng simultaneously 
by setting up work under one spindle while others are 
drilling ; a large output can thus be maintained with- 
out fatiguing the operator. The drill can be ne 
and withdrawn at any point by moving the hand-lever 
upwards, if for any reason it should be necessary to do so. 
ree different rates of feed are provided, the changes 
being effected by turning a knob on the spindle-head, | 
Fig. 2, near the end of the feed-lever. he heads in 
this machine are balanced by weights suspended inside 


| the columns, and attached to the heads by means of 


chains passing over sheaves at the tops of the slides. 





Fia. 2. 


Drills with plain spindles may be used for drilling 
holes up to 1 in. in diameter, and for tapping up to 
§-in. holes in cast iron, or §-in. holes in mild steel. 
Gesred-spindle drills are suitable for drilling up to 
1} in. in diameter, and for tapping blind holes up to 
in. in diameter in either cast iron or mild steel ; 
through holes up to | in. in diameter can be ta 
with these machines. They can be supplied with either 
one, two, three, or four spindles, which are usually 
spaced 9 in. apart ; but if additional width is required 
between the spindles, two or three heads can be fitted 
respectively on the pedestal and table usually pro- 
vided with three or four heads. Ball-bearings are 
employed throughout for all running parts, and the 
firm claim that their use enables a quicker feed to be 
employed, and aiso renders it possible to drill larger 
holes than could otherwise be done on sensitive 
drills. The ball-bearings are put together in dust- 

roof housings, with a supply of — that lasts 
indefinitely ; they are interchangeable and of standard 
trade sizes. We understand that in a test carried out 
in Messrs. Herbert’s works, using twist-drills of high- 
— steel on one of these machines a hole j in. in 

iameter was drilled in cast iron, of 238 Brinell hard- 
ness number, at the rate of 15in. per minute, and that 
a} in. hole in the same material was drilled at the 
rate of 50 in. per minute. The speed of the j-in. 
drill was 600 revolutions per minute, and that ot the 
3 iv. drill 2050 revolutions per minute. 


es 





SOME QUESTIONS IN CONNECTION WITH 
THE WORK OF THE LOAD-LINE COM- 
MITTEE.* 


By W. 8S. Apett, M. Eng. 


§ 1. THis paper has been prepared with the object of 
oe before the Institution a brief record of some 
eatures of the work done by the recent Load-Line Com- 
mittee, more particularly the formulation of a suitable 
standard of structural strength which might be adopted 


* Paper read at the Institution of Naval Architects, 
April 12, 1916. 
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internationally for the necessary teste which it is desir- 
able to lay down in order that the freeboard 

shall not be so small as to bring undue strains upon the 
structure of a vessel. In accordance with the commonly 
accepted practice in such matters, the procedur 
posed provides distinct treatment of the two principal 
—_ — A = the structure of a vessel = 
subjected, ojlowing account deals separately 
with the questions of tudinal strength and the 
strength of the transverse framing. 


LONGITUDINAL STRENGTH. 

§ 2. The method of procedure to determine a suitable 
standard of py gy strength, which was first con- 
—— boron fe yw the ~—e of the eT lee 
tions or the purpose of comparing the strengths 
of ptnnem oor similar vessels. It will GS semembesed that 
the procedure adopted in such calculations is to deter- 
mine the longitudinal bending moment on the structure 
for a vessel poised upon a wave under certain conditions 
of loading, the height of the wave being taken as a 
fraction of the wave-l which is taken to be the 


length of the vessel. It is known that the height of | win) be 


waves which are commonly met with are not strictly 
popuestions’ to the length, and that with long waves the 
eight should be taken at a less ratio than for short 
waves. Consequently, it will be seen that the assump- 
tions made in estimating the longitudinal bending moment 
are such a6 to give rise to a variety of differences of 
opinion. 

_ when this calculation is complete, it is 
customary to determine a bypothetical stress by the 


use of the bending-moment formula, 2? — ¥. which for- 


mula in itself is oy wm within very narrow limits. 
Further, it is found that the hypothetical stress so deter- 
mined varies, according to common practice, with the 
length, being taken to be as much as 10 tons per in. square 
for very long ships. It was therefore seen, after very 
brief investigation, that the work involved in laying 
down a stress factor in terms of dimensions would be 
very great, and, further, would be open to a variety of 
objections, which would depend to a great extent on 
individual opinion and experience. 

§ 3. A method was then sought which, while express- 
ing the same factors, would yet take account of in 
a form which was free from some of the defects detailed 
above. It will be seen that the bending equation may 


be written in the form: I. M in which the left-hand 


7 29 
side of the equation is a perfectly definable and calculable 
quantity when the midship section of the vessel is known, 
while the right-hand side contains the ratio of the two 
hypothetical quantities, which are not easily defined. 


Moreover, the ratio 4 which is purely geometrical, was 


obviously more suitable for expression in terms of the 
principal geometrical dimensions of a vessel. : 

§ 4. The rules of the —— societies provide for 
s determination of scantlings in terms of the —— 
dimensions. These rules have been developed from ex- 
perience with actual vessels on sea service, and con- 
sequently may be assumed to take account of the greater 
proportion of variations in loading, bending moment, and 
stress values which have been met with over a period of 
years. The object of such an investigation as is here 
considered being to obtain a general average of experi- 
ence with ship structures at sea, it at once followed that 
the basis of any analysis should be the rules of these 
societies. 

§ 5. The method of procedure adopted was to analyse 
the rules of the principal registration societies in terms of 


I and the principal dimensions of the vessel, with a view 


to obtaining a standard of longitudinal strength which 
would rationally express the minimum requirements 
found necessary from successful sea experience. 

§ 6. It at once became a t that a number of 
factors would have to be taken into aecount. The points 
requiring investigation may be summarised, and will be 
considered in the following order :— 


(a) The longitudinal modulus of resistance, : 


(b) The distribution of the material, in order to ensure 
sufticient material in the web of the girder, which involves 
a limiting thickness of side plating. _ f 

(c) The frame spacing, which requires limitation in 
order that the web of the girder may not fail from 
secondary bending. 

(d) The stiffness of structure, which may impose a 
limitation, since, if the proportion of length to depth be 
excessive, failure may arise through de on. 


(a) THe LonerruptinaL Mopvuus or Resistance I 
v 


§ 7. For the basic calculations a series of vessels were 
considered with lengths of every 100 ft. up to and in- 
cluding 600 ft. Four ratios a‘ length to depth were used 
for each length—namely, 10, 11, 12, and 13.5. A stan- 


dard beam B = a+ 10 was taken. The depth used for 


the oe ratio was the depth to the strength deck, the 
otrength deck being defined as the u deck which 


lougivodieal girder within the bail-iengit caikektpe, 
tu ler within : amidshi 

wo types of vessels were eusldmes—samewr, 
flush-deok full-scantling vessel, which fulfilled the highest 
requirements of the registration societies ; and the com 
plete su eture vessel, which fulfilled the require- 
ments of the registration societies for the awning-deck or 
shelter-deck type. 


ure pro- | The 





§ 8. It was decided for the sake of convenience that 
the modulus of section | should be caloulated for a sec- 


y 

tion of the sbip through the cargo hold clear of the hatch. 

standard moment of inertia (I) was calculated with- 
out deductions for rivet-holes or any deck openings. 
Below the stre deck all longitudinally continuous 
members were included, with the exception of such 
of underdeck girders as are entirely required for pillar- 
ing Above the strength deck the only members 
incl were the gunwale bar and the extension of the 
sheer strake above the strength deck. The distance (y) 
was measured from the neutral axis to the underside of 
the strength-deck stringer at side. In order that the 


superstructure vessel 
for beams equal to :— 
L +6, 
lu 


for constant length and deptb, but 


L 
10 


The results were plotted on a breadth base, and they 
showed that within these limits the modulus of resist- 


+ 15, and + 20. 
lu 


parte ance ( 3) varied directly as the beam. The assump- 


tion was therefore justified that ‘‘ - varies directly with 


the beam, or 
draught.” 


E is constant for constant length and 


two verifications justified the basis of 


minimum uirements of the registration societies conclusions wi! ongitudinal > 
should be obtained, the number of decks was kept as low ss may be a as ace 5 iad aang ; 
as the rules permitted. The ’tween-deck height below I 

the freeboard deck was taken as 8 ft. in all cases; but (1) —; = constant, if L and B are constant. 

the height in feet of the superstructure was taken yd 

same as in the freeboard rules—viz., 0.018L + 1.2 ft,, i it Land d 

where L is the length of the vessel in feet, with a mini- @) <5 = constant, if L. and d are constant. 


ight of 3 ft. and a maximum height of 7.5ft. It 
observed that the details of the calculation have 
been reduced to the fewest possible terms, since simplicity 
of calculation and definition was eminently desirable. 
On the other hand, nv loss of accuracy arises, since the 
principal quantities concerned are included, and since the 
standard is comparative only. 

§ 9. The values of the modulus of resistance | were 


y 
calculated for the whole series of vessels, and the results 
for each 7 value for the full-scantling and the complete 
superstructure vessels were plotted on a length base. 


The values for each society were faired by parabolic 
curves, and a fair minimum envelope drawn for 


4 value. These envelope curves consisted of eight sepa- 


rate curves—namely, one for each type for each value 
of From these curves a series of standard — values 
could have been tabulated for various lengthe end for 
each D value. An attempt was made to reduce these 


curves to a convenient general form of the order :— 


I. cL* +c L”, 
y 


mum 


ar a srr! results were ey — ble, 
. It was then necessary to determine, i i 
some common basis on which the results might be corre- 
lated and faired. For a series of vessels of similar type 
and of given Pe aan dimensions and proportions, it 
may be reasonably assumed that the bending moment M 
varies as displacement x length ; that is :— 
M«ALe«LBdxL, 


where d is the draught. It was found, as already indi- 
cated, that the stress p is a function of the length and 
to the first order of approximation could be ex in 
the form p= aL+b;i.¢,p«L. Oonsequently :— 
I1_M, LBd. Lyra; 
y »P L , 
that is, I varies as draught, for constant length and 


breadth. Now, a full-scantling and a complete super- 
structure vessel of the same principal dimensions vary 
so far as their scantlings are concerned by reason of the 
factor draught ; the strength should, therefore, also v: 

as the draught d. It thus eens that draught as a 
main factor wo most likely to lead to a possible 
combination of the several results. 

§ 11. The calculated values of the modulus of resist- 
ance were then plotted in various ways, but the best 
results were obtained on a base of draught for constant 
length. It was found that the best minimum fairing 
curve in case was a radial straight line through the 
origin. This line faired the spots for both the full- 
scantling and the complete su tructure vessels. An 
examination of such curves justified the assumption that 


ae ; varies directly with the draught, or “a is constant 
for constant length and breadth.” The cross fairing was 
performed by plotting yba™* length base. In the 
above calculations the my taken for the complete 
su ure vessel was 6 given by the freeboard 
ta! for the awning-deck class. In the case of the full- 
scantling vessel, since the addition of a poop and fore- 
castle and the provision of the maximum pow. permitted 
by the freeboard rules does not increase the structur 
ae al permitting a reduction of the free- 
board, Table A freeboard, less 124 per cent., was used 
to calculate the draught for the full-scantling vessel. 

§ 12. The foregoing analysis assumed that the beam 
was equal to +), + 10, and an investigation was then 
made to determine the effect of variation of beam from 


this standard. 
Using the formula already quoted—namely :— 


“«LBa, 
and knowing that for a vessel of constant length and 
the | depth the draught is fixed, and is independent of the 


beam, it was to be anticipated that the [should in 


¥ 
tice vary directly as the beam. To verify this con- 
ecture the value of the modulus of resistance was also 
calculated both for the full-scantling and the complete 





It at once follows that :— 


I —__— 
saa * constant, if L is constant. 

§ 13. The rules of the registration societies fix the 
detailed scantlings on the “ eagee dimensions of the 
vessel, and, uently, the value of the modulus of 
resistance calculated for small increments of length results 
in ice in a series of steps. To allow for such 

uation it was found necessary to reduce the average 
minimum values already obtained by 5 per cent. 

§ 14. In a comparative calculation of this nature the 
adoption of a standard modulus of resistance necessarily 
implies a definition of the material of which the structure 
is composed. uently it was necessary to fix 
a standard, which was defined as follows :—The standard 
of strength assumes that the structure is built of mild 
steel, manufactured by the open-hearth process (acid or 
basic), — has a tensile yo of 27 to vg Nt 

. in., an om Pops, ool per cent. on a length of 
gin. measured on a British standard test-piece. 

§ 15. The calculations were carried out for a particular 
block coefficient. It may be observed that in a vessel of 
constant dimensions and draught, the statical bending 
moment may reasonably vary with distribution of form, 
and from this point of view it may be considered that the 
standard of strength should take some account of variation 
of fineness which is most commonly measured by block 
coefficient. On the other hand, a fine form is only 
adopted for economic reasons when it is desired to obtain 
speed above the ordinary, and such vessels will be sub- 
jected to increased dynamical strains the amount of 
which are not peaty measureable. Consequently it was 
considered preferable, in the — of present knowledge, 
to adhere to the practice uniformly adopted for cargo- 
carrying vessels of ordinary 6 and to make no allow- 
ance for variation in block coefficient. 

§ 16. The method of procedure may with advantage be 
summarised as follows :— 


1. The calculated values of 1 tor the full-scantling and 


y 
the complete superstructure vessels for the four values of 
p vere plotted on a draught base for constant length. 
2. Rational minimum curves were obtained by drawing 
a radial straight line through the origin in each case. 


3. A second radial line was then drawn 5 per cent. 
below the previous one, which represents the standard 


ary| I for each length. 
yd 


4. The values of - were then plotted on a length base, 
y 
and, after cross-fairing, & curve was drawn through the 
spots. 
5. The values oft were measured at various points 
y 
and divided by the factor :— 
L 
+ 10 
10 
to determine the value of -.. 
yBd 
6. These values were then plotted on a large scale on a 
length base, and the ordinates of the curve tabulated for 


every 20 fb. 
7. The values of f for the formula :— 


T_ypa 


y 
a] | Were obtained and the standard of longitudinal strength 


determined. ot. i 

§ 17. In the way of hatch openings the minimum values 
of the modulus of resistance were obtained for the same 
series of vi These were plovted and a faired curve 


of i. on length obtained, from which it was determined 
teak ‘on cllowanes of 10 per cent. reduction for the 


modulus of resistance of a section through a hatch was 
sufficient where at least one steel deck was fitted. 


(6) TH1cokNgss or Sipr PiaTINe. 


§ 18. It was first necessary to determine some suitable 
basis on which a sensible comparison was likely to be 


obtained. The web of the girder, which in a vessel is the 
side iad, ban to cand tho ing force, The rela- 
tion ween the quantities is given by the 
formula :— 
+-F™ 
Iq’ 
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where ¢ = shear stress at neutral axis ; m = half the total 
moment of the longitudinal members above the neutral 
axis about that axis; ¢ = thickness of side-plating ; I = 
moment of inertia of the section about the neutral axis ; 
and F = maximum shearing force at the section. The 
maximum stress due to longitudinal bending varies as 
the length, and it is therefore jissible to assume that 
the maximum shear stress q varies as the length. It 
may also be assu that :— 


F « displacement « L Bd, 


breadth. The deck cargo load is divided between the 
frame and the nearest row of pillars, and in a vessel with 
two rows of pi only about one-sixth of the load could 
be considered as acting on the frame. Consequently the 
effect of variation of beam for a given number of rows of 
Cn pte found to involve very little variation of the 
on the ship’s frame. It may also be noted that the 
maximum variation of scantlings for alteration of beam 
only were well within the limits of accuracy required ; 
consequently, subject to the viso that the span from 
frame to the 










































. the first row of pillars should not exceed 
amr a 20 ft., the effect of variation of beam is neglected. 

t« Bd T Side Plating.—Strictly speaking, the transverse ages 

Now™ D ig eoustens for clasilen goentetaien! wictionn, lus of resistance of the frame-girder is the value of — 


¥ 
of a section composed of the frame and that proportion of 


and it was found that this relation applied to actual | the shell-plating which acts with the frame. It was 


vessels. Consequently :— 
t«B ae 
D 
For a particular type of ship ‘ is constant, and the 
beam can be taken as a functionof the length, or :— 


the ee variation of range of dimensions considered 
desira and no attempt was made to standardise the 
—ee resistance o he Sennen atenar proper. Nor 
was this necessary, since the investigation was compara- 
tive only, and was not concerned vith an estimate of 
actual stresses. The minimum thickness of the plating 


B=aL+b, and the frame spacing are fixed (see longitudinal strength) ; 
whence :— therefore it is only necessary to fix the frame to complete 
“te aL+b. the gi q Tivo camaher of varidiies Wan thus reduced 


by the elimination of “‘ side plating.” 
§ 24. It was now necessary to tabulate the hold-frame 
requirements of the various registration societies, and for 


this purpose the value of 1 was taken equal to 12, and 


This reasoning indicated that the thickness of the side 
plating might be expected to vary directly as the length, 
and this assumption was justified by an investigation of 
the minimum requirements of the registration societies. 

The formula actually arrived at was :— 


t = 0.105 L+17, 


where L is the | of the vessel in feet and ¢ the 
thickness of the side plating in hundredths of an inch. 
This formula also includes an allowance for the gradua- 
tion of the various rules. The variation of thickness of 
side agony with variation of beam was found to be 
imits of error of the formula, and was there- 


B =% + 10. By interpolation and extrapolation a 


table was drawn up showing the frames uired for 
vessels having a moulded depth to strength deck varying 
from 15 ft. to 60 ft., and a depth of hold varying from 
8 ft. to 27 ft. This series of hold frames formed the basis 
of all the subsequent calculations, which were carried out 
with the view of obtaining a method of analysis giving 
acceptable limits of error. 
(c) Frame Spactnc. _, | .§ 25. The deep-frame system of framing was used, and 
§ 19. To — pe ro — dary pee it is oie of = investigation Nye on —— ay _ is of 
necessary that the plating properly supported, | s which should a to the ard frame, 
and that somé relation should exist between the minimum | which was defined as follows :— The standard trans- 
thickness of side plating and the frame spacing. The/ verse frame is composed of a frame angle and a reverse 
rules of the various societies differ slightly as regards the | angle each of the same size and thickness.” It was im- 
thickness of side plating and frame spacing required for | possible with the wide range of D and h values taken to 
a given vessel. It was therefore necessary to reduce the | adhere to the same type of framing in every case, and 
various requirements to a common comparable basis. The | where the societies’ rules gave only a frame and reverse, 
minimum thickness of side plating i & bulb angle, a channel, or some combination such as a 
determined, and it was decided to use this as the fixed | channel and reverse, the equivalent deep frame was 
factor and to reduce the various requirements to this base. | obtained. 
From theoretical grounds it appeared bable that the} § 26. Abt the higher limits the majority of the tabulated 
minimum thickness ¢ should vary directly with the frame | values were on the web-frame system, and attempts were 
spacing s. This did not with actual practice, and | made to find a method by which an equivalent deep 
it was found that the empirical formula :— frame might be obtained. © most promising of these 


4 =a/% was based on the fact that foradeepframe the — of the 


f #2 frame itself, neglecting shell-plating, was measured b 
gave satisfactory results when tested against practical | 5° ¢ where, 6 = depth of frame and ¢ = thickness. It 
cases where the difference between s, and s. was not rela-| was found in a number of cases where both web frames 
tively great. and deep frames were obtainable for the same vessel, that 

By means of the formula quoted above, the frame | the mean value of 5? ¢ for the web frame and its group of 
spacing required for each society for the standard thick- | intermediate frames was approximately proportional to 
ness of side plating was obtained, and the results plotted | the 5? ¢ for the deep frame required for the same vessel. 
on 8 length oon It was found that the maximum spac- | This did not prove sufficiently general, but it was seen 
ing permitted would be faired by a straight line :— that an ample range of values was obtainable even if the 

s = 0.025 L + 17 web-frames were neglevted. 

, Nii xr dyerelfiereec § 27. The plovting of the above 5°¢ results showed that 
where s is the frame spacing in inches and L the length | generally the values of 5° ¢ for the deep-frame system on 
in feet. This law did not apply below 160 ft., and con- : : 
sequently the minimum frame spacing was fixed at 21 in. |* base of h gave more consistent results than did 


(@) Srivrness or THE GrEpER. ~ the same cones Rt ae led to an ae to pe 

: 90. Thi : : : raming stan y obtaining some simple met’ oO 

acniah eoaeaae ae. —- _ , and it waa | °*Preseing either 5° ¢ or 6 and ¢ separately in terms of the 

decided thav this factor could be taken account of differ —, Pipe gone sate I Fa bern of ~ 

by limiting the application of the standard of strength cul aipeetinetions Sten au oe long as the ee 

pac. phe to depth ratios for which the calculations| 344 number of decks were fixed. For example, it was 
SrrenctH or Hotp Frames. 


found in one case that the minimum thickness of the 
2 3 pet : deep frame for all two-deck vessels up to D = 36, having 
_§ 21. The object of the investigation was to obtain «| an B ft. *bween deck height, could be expressed in the 
simple and effective basis of comparison for the stren form :— 
of hold frames which would be generally applicable. For 
this purpose the requirements of the principal registra- 
tion societies, as given in their printed rules, were taken 
as representative of present-day practice. It was de- 
sirable to cover the widest practicable ranges, both 
of dimensions and type, and at the same time to express 
the results in terms of simple factors, rather than to 
strive after refinement of acc ° 
§ 22. The principal variables first dealt with were :— 
Moulded depth (D), moulded depth to lowest tier of 
beams (h), moulded breadth (B), spacing (s), side 


plating, modulus of section of frame girder a It will 


be observed that the original intention was to correlate 

principal dimensions and s of hold frames. The 
actor of draught was left until a later date, is being con- 

sidered that for a first analysis there was a reasonabl 

= guticiently constant ratio of draught to mo 
epth. 


_§ 23. As these princi 
sible to reduce the oumten, whi 


within the 
fore neglected. 


the same, is 


t = const. (B+ D) + const., 
and the corresponding depth of frame in the form : — 
6 = const. D (D—8) + const. 


This idea was abandoned because of the impossibility 
of reconciling all the formule obtained for different 
numbers of decks. 


§ 28. The next method tried was to plot the 7 of the 


deep frame on a base of moulded depth to lowest tier of 
beams (hk) for varying values of the moulded depth D. 


As mentioned above, the calculated values of I were not 


very consistent, and, in order to obtain a better com- 
parison between the requirements of the various societies, 


ib was decided to use the | of the frame girder per unit 


variables, it was pos- 
was inconveniently | results again proved unfair, and it was found 


great for analytical purposes, either by entire elimination | to ‘oach the problem along slightly different lines. 
or by relation to one of the other variables. § 29. The loading on the frame may bo Givided tate 


Variation of Beam.—The forees straining the frame 
girder are those due to the water pressure and those due 
to the deck cargo load above the frame. The water-pres- 
Sure effect is independent of the beam, but the end load 
snd the bending moment due to deck cargo vary with the 


two parts—viz. (1) water-pressure load, and (2) cargo load 
carried above the deck. The bendi: tke 


the span. of 
which is approximately measured by the draugh 


found extremely difficult to make such a calculation for | *PPTO* 


frame spacing, or x as the variable to be plotted. These | the f 


the vessel, and of the frame spacing (s). The 

span of the frame is more or less indeterminate, as a 
first mation it was taken as proportional to the 
moulded depth to lowest tier of beamsh. The bending 
moment due to water load may be represented by a 
formula of the nature :— 


Mas.d.f(h), 
where f (hk) is some function of the moulded 
lowest tier of beams. The cargo load exerts a 
moment and a com ive force on the frame. 

i divided into two 


W «s¢@(K), 
where K is the depth of superim cargo 8 
AL The sonal’ cteens Gh ta ag oe will be of the 
‘orm :— - Ww 
eS ee 
y 
in s.d 
t 


* 
7] 


where A is the cross-eectional area of the frame. For 
a standard type of framing there appeared to be a reason- 


ably constant relation between — and A. Consequently 


the number of variables may be reduced, and the formula 
simplified for purposes of analysis, by writing :— 


pa SFr s(h) + o(K)) 


y 
Farther, since the working stress may be aseumed con- 
stant for a given materia), the relation may be written: — 


Se 
y.s.d = f(h) + ¢(K) 

Such arguments indicated that the analysis of the 
quantity Ty in respect of the two variables, span of 


frame and height of cargo space, would be most likely to 
yield satisfactory results. : 

§ 31. The value of the draught factor in the formula 
was ab once a t, for it was now ible to treat 
the flush-deck full-scantli 1 the complete 
superstructure vessel on the same basis. Two veesels 
which have the same principal dimensions may be of 
either type, and the main difference to be taken account 
of in a comparison is that of draught. Now draught is a 
measure of the load on the frame, and, therefore, of the 
stress in the frame. Hence, if the modulus of resistance 
of the frame is taken, not only a unit frame spacing, 
but also per unit of draught, the two types men- 
tioned can be directly compared and combined into a 
common formula. 

§ 32. The introduction of the factor draught brought 
& new variable into the argument, and it was con- 


I | sidered advisable to inquire what other changes would 


be consequent on this modification. Thus far, the 
calculation had only been made for particular D 


of 12, with the knowledge that at some later stage other 
values of this ratio would have to be taken into account. 
Owing to the construction of the Freeboard Tables, it will 


be found that for constant depth, as the . ratio in- 


creases, the draught decreases. On the other hand, in 
dealing with the question of longitudinal strength, it was 


found that the frame a should increase directly 
with the length. Consequently it would appear that the 
onan ee. which is a pane mak - eS sth dopel 
might approximately jependen ength-depth 
ratio. It was found on investigation that within the 
limits of the freeboard tables this product was sufficiently 
constant to make it possible to ignore the effect of the 
length-depth ratio in considering the stren of trans- 
verse framing. 

§ 33. Asa first approximation, the moulded depth D 
was substituted for the slightly more indefinite factor K, 


and the values of ‘I _ were plotted on « base of moulded 
depth (D) for constant values of the moulded depth to 
lowest tier of beams h. The best envelope of minimum 
values was obtained by a straight linein each case. Since 
the modulus of resistance of a girder varies as the 


ratio 


uare 
of the the cross-fairing for different wales ot the 
moulded depth was perf: on a base of A®. The 
formula for the strength of the hold frame was now in 
orm :— 
I = 
yed f + Sv 

where f and /, were constants depending on h and D respec- 
tively, which constants could be obtained from the fairing 
curves. 


ial case of the ships 





34. So far the single-deck 
mo oa tome i ; but it was found that they 
could very well be included, and that their variation from 
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in the case of 


the faired minimum was no eae en ~' : 
leck. values plotted 


vessels with more than one I 
thus included e possible for the societies, and it 
was deci in order to limit amount of variation to 
be considered in determining the fairing lines, to eliminate, 
so far as possible, all unnecessary values. For this 
purpose only those spots which represented the absolute 
minimum requirements for each society were included. 
A further step in the same direction was made by carrying 
out the plotting process in two stages. The first plotting 


faired the values of ~ for each society on a basis of hy 


ye 
for constant values of D, and the second plotting was 
I (obtained from the first fairing curves) on s base of 


vs 
D for constant h value. 

§ 35. The next modification introduced was made to 
obtain a more accurate measure of the span of the frame 
than was given by the moulded depth to lowest tier of 
beams. The latter factor would have been the simplest 
basis, but it introduced too large an error, and had to be 
abandoned for something more accurate, but not so 
readily determined. The new span (H) is defined as 
follows :—* H is the vertical distance in feet from the 
top of the lowest tier of beams at side to a point which 
is midway between the top of the inner bottom at side 
and the top of the heel ket in vessels fitted with 
double bottoms. Where there is no double bottom H is 
to be measured to a point which is midway between the 
top of the floor atcentre and the top of the floor at side.” 
Even with this modification, it was found that there were 
still large limits of error, and it was necessary to intro- 
duce some further refinement in the method of analysis. 
Returning to the formula :— 


I ‘ 
which should now be :— 

= f(H) + ¢ (K), 
the previous analysis showed that the first term on the 
right-hand side of the equation was very much more 
important than the second term, which depended on 
moulded depth (D). However, since this term D affected 
both H and K to an unknown extent, it was thought 
that a further differentiation might take place by dealing 
with the K factor direct. 

The factor K was defined as follows :—‘‘K is the vertical 
distance in feet from the top of the lowest tier of beams 
at side to a point which is 7 ft. 6 in. above the freeboard 
deck at side, or, if there is a pees, to a point 
12 ft. 6 in. above the freeboard deck at side.” On thie 


new base the values of I a for different H values were 


faired by a series of parallel curves and cross-faired on a 

base of H? for different values of K. It is obvious that the 

gw factor which is dependent on H is given directly 
y the curve for K = 0. 

§ 36. To reduce further the limite of error of the 
formula, the draught (d) in the expression was subse- 
quently modified to (d — ¢), where ¢ was defined as 
follows :—‘‘t is the vertical distance in feet from the top 
of the keel toa point which is midway between the top 
of the inner bottom at side and the top of the keel 
bracket. Where there is no double bottom ¢ is to be 
measured to a point which is midway between the top of 
the floor at centre and the top of the floor at side.” It 
may be observed, since draught was considered to be a 
measure of the main load on the frame, that (d—?) isa 
more accurate measure than d. 

§ 37. The formula new becomes :— 


, =s(d-O{f, + ho}, 


where f is a constant depending on the value of H, and 
fo & constant depending on K. 

§ 38. To summarise the method of procedure finally 
adopted :— 


(a) The values of r were calculated from the tables 


of framing for each society, and the minimum values were 
tabulated. 

(b) These values were a on a base of H® for 
different values of the moulded depth D. 


(c) The values of were tabulated for a series of 
H and D values. The equivalent values of (d—¢) and K 
were determined, and hence values of 
tained. 

(d) Values of 


I 
ys(d—-t) > 


were then plotted on a base of 


I 
ys(d — t) 
K for constant values of H, and curves were drawn to 
——, the rational minimum fair values. For different 
values of H these curves were parallel. 


(e) Values of yea - 8) wer cross-faired by plotting on 


a base of H® for constant values of K. 

(f) The curve for K = 0 gave the values of /,, which 
were tabulated for different values of H. 
_ (g) Asm was made out for the constant f, depend- 
ing on K. 

(hk) The standard strength for transverse framing was 
finally given by the formula : — se 


I = (a-# {f+ 4}. 


§ 39. Iv will readily be understood that the work, so 
briefly summarised here, could only have been rendered 
possible by the united efforts of all members of the Com- 
mittee and by the unstinted help rendered by the tech, 





nical assistants who carried out the elaborate and involved 
work for the various analyses that have been 
mentioned. In this » particular reference must be 
made to the services of Mr. W. M. Balfour, B.Sc. (now 
Lieutenant, R.G.A.), who was my assistant at the Uni- 
versity of Liverpool, and who acted as the head of the 
technical staff employed on this work. 


APPENDIX. 


For purposes of record, the followi 
standard of stren proposed by the 
mittee is appended :— 


STANDARD STRENGTH. 


Standard strength as expressed in Clauses (1) to (4) is 

applicable to cargo-carrying vessels of ordinary type. 
(1) Derinrrions. 

(i.) Material.—The standard of strength assumes that 
the structure is built of mild steel, manufactured by the 
open-hearth process (acid or basic), which has a tensile 
strength of 27 to 32 tons per sq. in., and an elongation of 
20 per cent. on a length of 8 in. measured on a British 
standard test-piece. 

(ii.) Dimensions : Length.—The length to be used is 
the length on the summer load water-line from the fore- 
side of the stem to the afterside of the rudder-post. 
Where there is no rudder-post, the length is to be measured 
from the foreside of the stem to the centre of the rudder 


stock. 

Breadth.—The breadth to be used is the maximum 
breadth to the outside of the frame amidships. 

— to Strength Deck, hereinafter called ‘‘ strength 
depth,” is to be measured from the top of the keel to the 
under side of the strength-deck stringer at the side of 
the vessel amidships. 

Draught is to be measured in feet from the top of the 
keel to the centre of the disc. 

(iii.) Strength Deck.—The strength deck is the upper- 
most deck which is incorporated into and forms an in- 
tegral part of the longitudinal girder within the half- 
length amidships. 


(2) StanDaRD OF LONGITUDINAL STRENGTH FOR 
New VESssELs. 


(i.) Longitudinal Modulus of Resistance.—The longitu- 
dinal modulus of resistance is the moment of inertia (I) 
of the midship section about the neutral axis divided by 
the distance (y) measured from the neutral axis to the 
underside of the strength-deck stringer at side. The 
standard moment of inertia of the midship section is 
calculated without deductions for deck openings or rivet- 
holes. The areas are to be measured in square inches 
and the distances in feet. Below the strength deck, all 
longitudinally continuous members are to included 
with the exception of such parts of under-deck girders as 
are entirely required for pillaring purposes. Above the 
strength deck, the only members included are the gun- 
wale angle bar and the extension of the sheer strake 
above the strength deck. 

(ii.) Standard of Longitudinal Strength.—The standard 
of longitudinal strength is measured by the modulus of 


resistance I as defined above and is given by :— 
y 


abstract of the 
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where I is measured in square inches—square feet ; y is 
measured in feet; B is the breadth in feet; d is the 
draught in feet from the top of the keel to the centre of 
the disc ; and / is a factor on a basis of length and isgiven 
by the following table :— 


Longitudinal Strength Factor f. 


Length in Feet. Length in Feet. 





100 


eee | 
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For intermediate lengths the value of f is determined 
by linear interpolation. 

This formula applies to vessels having a length which 
does not exceed ft., a breadth which is between 


Ls 5and/ + 20, 
10 10 

both inclusive (where L is the len in feet), and a 
ratio of length to depth to strength deck, hereinafter 
called the ‘‘strength length-depth ratio,” which is between 
10 and 13.5, both inclusive. The modulus of resistance 
in the way of the deck openings must not be less than 
90 per cent. of the standard value. 

(ui.) Standard Frame Spacing and Thickness of Side 
Plating.—The s minimum thickness of side | ed 
ing in hundredths of an inch is (0.105 L + 17) and the 
standard maximum frame spacing in inches for side plat- 
ing of this thickness is 21 in. in vessels nob exceeding 
160 ft. in length, and in vessels of greater length is 
(0.025 L + 17), where L is the length of the vessel in feet. 


(3) STANDARD OF TRANSVERSE STRENGTH FOR New 
VESSELS. 


(i.) The Standard Transverse Frame.—The standard 





transverse frame is composed of a frame angle and a 
reverse angle each of the same size and thickness. 

(ii.) The Transverse Modulus of Resistance.—The trans- 
verse modulus of resistance is the moment of inertia (I) 
of the standard frame section about the neutral axis 
divided by the distance (7) measured from the neutral 
axis to the extremity of the framesection without deduc- 
tion for rivet and bolt-holes. It is applied to the mid- 
ship frame below the lowest tier of beams, and it is mea- 
sured in inch units. 

(iii.) Standard of Transverse Strength.—The standard 
of transverse strength is measured by the transverse 


modulus of resistance * as defined in Clause (ii.), and is 


given by :— 
I _s(d- (ith) 
y 1000 . 


where I is measured in — inches—inch ; y is mea- 
sured in inches ; s is the frame spacing in inches; d is 
the draught in feet from the top of the keel to the 
centre of the disc; ¢ is the vertical distance in feet 
from the top of the keel to a point which is midway 
between the top of the inner bottom at side and the 
top of the heel-bracket. Where there is no double bottom 
t 1s to be measured to a point which is midway between 
the top of the floor at centre and the top of the floor at side 
(see Fig. 1). f, is a coefficient depending on H, which 
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is the vertical distance in feet from the top of the lowest 
tier of beams at side to a point which is midway between 
the top of the inner bottom at side and the top of the 
heel - bracket in vessels fitted with double bottoms. 
Where there is no double bottom H is to be measured 
to a point which is midway between the top of the floor 
at centre and the top of the floor at side (see Fig. 1). fo 
is a eoefficient depending on K, which is the vertical 
distance in feet from the top of the lowest tier of beams 
at side to a point which is 7 ft. 6 in. above the freeboard 
deck at side, or, if there is a superstructure, to a point 
12 ft. 6 in. above the freeboard deck at side (see Fig. 1). 
The values of /, and /, are given in the following tables :— 


H in Feet ..! 


K in Feet 
Je 





0.5 1.0 2.0 8.0 45 6.5 9.0 12.0 


Intermediate values are to be determined by interpola- 
tion. This formula applies to vessels having a depth which 
is between 15 ft. and 6D ft., both inclusive, a breadth which 
is between :— 


both inclusive (where L is the length in feet), and M 
8 length-depth ratio which is between 10 and 13.5, 
both inclusive; vided that the horizontal distance from 

ide of the frame to the centre of the first row of 


iv.) Transverse Stiffness. —The assigning authority is to 
be aatiafiod that the distribution of material is such that 
the transverse framing has sufficient stiffness. 


(4) Extent or Mipsuip ScanTLINGS. 
The midship scantlings are to extend at least through- 


out half the length amidships, or an equivalent construc- 
tion is to be provided. 





Canaptan Ratiways.—There are now 35,583 miles of 
railway in operation in Canada. In the course of last 
year the Grand Trunk system handled 1,376,189 car-loads 
of freight, 





